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Scale factor readout changes automatically to indicate verticai 
sensitivity at probe tip when recommended 10X probe is used. 
Similarly, sweep-rate readout changes automatically when 10X 
magnifier is turned on. 





By Jerry Shannon and Ahne Oosterhof 

In the oscilloscope field, plug-in versatility has tradi- 
tionally been limited to high-frequency instruments. 
Introduced by Tektronix in 1954, the plug-in concept 
allowed the user to easily and inexpensively change the 
characteristics of his oscilloscope to cover a wide range 
of applications. 

Now, with the introduction of the 5100 Series, the users 
of low-frequency oscilloscopes will enjoy tliese same 
benefits. 

Since the same need for versatility exists in the low- 
frequency as in the high-frequency oscilloscope field, we 
determined to do our best to meet that need. Our goal 
was to offer a laboratory-quality, low-frequency, plug- 
in oscilloscope at the lowest practical cost to the user. 
We also wanted to include many of the features such as 
scale factor readout, large screen CRT and solid state 
stability found only in the latest instruments. 

Breakthroughs would have to be made in many areas. 
Simplified circuit design, new production techniques 
for CRT’s, switches and other components, and re- 
duced assembly and calibration time would have to be 
achieved if we were to reach our goal. The end result of 
our efforts in all of these areas is a series of products that 
bring you new measurement capability, plus a flexibil- 
ity previously unavailable in any other oscilloscope 
system. 

First in this series is the 5103N Oscilloscope System, a 
general-purpose, low-frequency (DC to 2 M Hz) oscillo- 
scope featuring cost-saving innovations such as inter- 
changeable display modules, plug-ins, and bench to 
rackmount convertibility. Four display modules, each 
with a large fii/g-inch CRT, give you a choice of single 
beam, dual beam, single beam storage or dual beam 
storage. You can readily change from one display mod- 
ule to another or convert from bench to 5i/^-inch rack- 
mount configuration in a matter of minutes. Nine 
plug-ins give you a wide choice of vertical amjjlifiers 
and time bases. 



Several innovations in the amplifier and time base plug- 
ins enhance operating ease. For example, scale factor 
readout for each amplifier is provided by illuminating 
the knob skirt behind the area identifying the correct 
scale factor, even when using the recommended lOX 
probes. This same feature is used in the time base plug- 
ins to indicate correct sw'eep rate with the magnifier on 
or off. The possibility of measurement error is thus 
greatly reduced. 

The choice between left and right vertical plug-in is 
made by depressing the DISPl-AY button on the respec- 
tive plug-in. This button also switches the light on 
behind the readout skirt, so a glance is all that’s needed 
to immediately identify which channels or plug-ins are 
in use. With neither DISPLAY button depressed, the 
left hand vertical is displayed but its readout is not 
illuminated. 

When two amplifier plug-ins are enabled, the main- 
frame automatically converts to the alternate or 
chopped mode of operation as selected by the DISPLAY 
button on the time base. The switching sequence allots 
two time-slots (in chopped) or two sweeps (in alter- 
nate) to each vertical plug-in. When dual-channel 
plug-ins are used, each channel takes one. time slot or 
one sweep. In the dual-beam mainframe, switching be- 
tween plug-ins is eliminated as each amplifier is per- 
manently connected to one vertical deflection system. 

THE MAINFRAME 

Now let’s take a closer look at each of the 5100 Series 
modules. The 5103N mainframe module contains the 
low-voltage power supplies, horizontal and vertical am- 
plifiers, the electronic switching and logic circuitry 
for dual-trace operation between plug-ins, and three 
plug-in compartments. It will interface directly with 
any of the four display modules in a bench or rack- 
mount configuration. Any plug-in can be used in any 
compartment to achieve X-Y, Y-T or raster displays. 
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THE DISPLAY MODULES 

Each of the display modules uses a new 614 -inch ceramic 
CRT with an 8 X 10 division { 1/2 inch/div) internal 
graticule. The CRT, with 3.5 kV accelerating potential, 
has a bright, well-defined trace. Simplest of the display 
modules is the DIO single-beam display unit. In addi- 
tion to the CRT, it contains the high-voltage supply, a 
voltage, current and time (2X line frequency) cali- 
brator, the CRT controls and the power switch. A beam 
finder positions the beam on screen regardless of the 
setting of the vertical or horizontal position controls. 
The front panel Z-axis input with DC to 1-MHz band- 
width requires only 5 volts to modulate the beam. 

The D12 dual-beam display module is the same as the 
DIO single-beam unit except the CRT has two writing 
guns and two pairs of vertical deflection plates. Both 
beams cover the full 8x10 division screen. Also in- 
cluded are separate intensity and focus controls for each 
beam. 

Single and dual-beam storage operation are provided 
by the Dll and D13 display modules respectively. 
The bistable, split-screen storage CRT’s have a unique 
brightness control which permits varying the stored 
brightness to retain the image for several hours without 
damage to the CRT. The brightness control, in con- 
junction with other storage controls, also allows inte- 
gration of repetitive signals to effectively increase stored 
writing rate. 



THE PLUG-INS 

The nine plug-ins presently available include six am- 
plifiers and three time bases. Simplest of the amplifiers 
is a plug-in having just an input stage with a potenti- 
ometer as an attenuator. Designated the 5A24N, the 
unit has a 50 mV/div sensitivity and is ideal for you 
who have low-cost monitor needs. 

For simple measurements where signals of varying am- 
plitude have to be measured, the 5A23N with decade 
attenuator steps and a 10 mV sensitivity is available. 
Bandwidth is DC to 1 MHz. 

A companion plug-in, the 5B13N time base, provides a 
low cost sweep unit with sweep ranges from 5 /js/div to 
0.5 sec/div in decade steps. A variable control extends 
the slowest sweep to 5 sec/div. 



Four display modules pictured from top to bottom are single 
beam, single beam storage, dual beam and dual beam storage. 
All feature a large 6 V 4 " screen and internal graticule. 
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When signals of only a few millivolts are to be meas- 
ured, the 5A15N provides 1 mV sensitivity and DC to 
2-MHz bandwidth. The 5A18N offers the same char- 
acteristics with dual-trace capability including the con- 
venient ADD mode. This mode is especially useful 
when signal differences between two points are to be 
measured while both points are elevated by a common 
signal. 

Getting down into the difficult microvolt region where 
the applications call for low noise and high common- 
mode rejection, the 5A20N and 5A21N differential am- 
plifiers with FET inputs provide stable operation to 50 
iuV/div. Bandwidth is DC to 1 MHz. Upper bandwidth 
can be limited to 10 kHz for noise reduction. Common- 
mode rejection at 50 /iV/div, DC coupled, is 100,000:1. 

To permit common-mode measurements with the use of 
attenuator probes, a probe having accurate attenuation 
has been developed. The P6060 has lOX attenuation 
and provides common-mode rejection of 400:1 at any 
deflection factor when used with the 5A20N or 5A21N. 

The 5A21N plug-in, while similar to the 5A20N, has the 
added feature of a current-probe input. Using the 
P6021 current prolre, bandwidth is 15 Hz to 1 MHz 
with sensitivities from 0.5 mA/div to 0.5 A/div. The 
normal 100 Hz low-frequency response of the P6021 is 
extended by low-frequency correction in the amplifier 
to permit measurements at line frequency. This makes 
the unit especially useful in power supply design work. 

Many low-frequency applications make use of X-Y type 
displays. As the mainframe has identical vertical and 
horizontal deflection systems it is possible to make ac- 
curate phase measurements using two identical plug- 
ins. A control on the deflection amplifier board allows 
phase calibration to better than one degree at specific 
frequencies up to 1 MHz. 

Two more time bases round out the selection of plug- 
ins available. The 5B10N provides sweep ranges from 



1 fis/ div to 5 sec/div in a 1-2-5 sequence with a lOX 
magnifier extending the fastest sweep to 100 ns/div. 
The unit offers versatile triggering from DC to 2 MHz. 
Both trigger source and trigger mode are selected by 
pushbutton. A single-sweep mode simplifies the captur- 
ing of single-shot phenomena for photographing or 
storing displays. Included is an external horizontal 
mode which provides a convenient means for making 
simple X-Y measurements. Sensitivity is 50 mV/div with 
DC to 1-MHz bandwidth. 

A dual time base, the 5B12N, covers a wide range of ap- 
plications. Offering the maximum in versatility, it in- 
cludes the popular sweep switching introduced in the 
547 Oscilloscope. In the dual-sweep mode, the A sweep 
is slaved to the left plug-in, and the B sweep is slaved to 
the right plug-in. This gives you, in effect, dual-beam 
ojjeration for rejretitive signals. The two sweeps can 
also be operated in the conventional delaying-sweep 
modes with a 10-turn delay multiplier providing ac- 
curate delay settings. The 5B12N also includes an ex- 
ternal horizontal mode for X-Y ojDeration. 

Some applications require a vertical sweep or raster 
presentation. This is easily accomplished by plugging 
any of the three time bases into one of the vertical com- 
partments. The 5103N provides convenient front panel 
access for Z-axis modulation in these applications. 

A low-cost camera, the C-5, complements the low-fre- 
quency 5100-Series instruments. Its fixed-focus, fixed- 
aperture design makes waveform photography simple. 
An access door in the top of the camera allows viewing 
the CRT without removing the camera. 

Some of the areas expected to benefit from the versatil- 
ity of the 5100 Series are medical research, educational 
instruction, low-frequency phase work such as servos, 
mechanical analysis using strain gauges and other trans- 
ducers, and engine analysis. 




Dual-trace vertical and dual lime base plug-irts otter maximum versatility. 
At left above, both Ch 1 and Ch 2 are displayed by both A and B sweeps. 
Right above, adding a single trace plug-in, with A sweep on EXTERNAL you 
can have dual-trace X-Y, while right verticai and B sweep provide Y-T. 
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SIGNAL GENERATION S 

CONDITIONING 



WITH 
A NEW 
MODULAR 
SYSTEM 



r j Digitally signed by 
^ http://www.aa4df.com 



Plug-in versatility has proven its worth in oscilloscopes, 
counters, jjulse generators and myriad other products. 
Now this concept is extended to a new series of instru- 
ments designed to be the meeting place lor many dif- 
ferent systems. We call them the 2600-Series modular 
instruments. The term "modular” is used here in a 
broad sense and includes packaging, interconnections, 
injjut/output characteristics, power supplies and 
accessories. 

Designed to jjermit relatively free interplay between 
analog and digital circuits, most inputs and outputs are 
compatible with DTL and TTL logic levels. However, 
they differ electrically slightly to allow proper opera- 
tion with non-DTL and non-TTL circuits. 

To get a feel for the versatility of the series, let’s look 
briefly at the individual units. 
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2601 MAINFRAME 

The 2601 mainframe, a basic element in the series, is a 
power supply and interconnecting system for 2600- 
Series plug-in units. Providing pre-regulated voltages at 
up to 50 watts, the 2601 accommodates six plug-in units. 
The pre-regulated voltages are further regulated in the 
individual plug-ins and, in some instances, used to 
power DC to DC converters for sjrecial needs. This pro- 
vides maximum decoupling between units. 

A seventh plug-in .section in the 2601 plays a vital role 
in the versatility offered by the 2600 Series. It contains 
the interconnection boarcl. The primary function of 
this board is controlling plug-in unit operation, proces- 
sing signals to or from a plug-in, or passing signals be- 
tween units. Thus, having planned and .set up system 
operation from the front panel, you can duplicate 
the connections between units on the interconnection 
board and then tuck them away out of sight. Spare 
boards may be used to change rapidly from one setup to 
another. Most plug-in front panel inputs and outputs 
are coupled through the interface connections at the 
rear of the plug-ins and are duplicated on the inter- 
connection board. 

Pictured below are two of the interconnection boards 
currently available. The board on the left is used pri- 
marily to provide interconnection between plug-ins. 

The board on the right also provides interconnection 
between plug-in units but has an exciting additional 
feature. Fourteen 16-pin dual in-line plastic I.C. 
sockets, plus a locally regulated +5 volt supply, are 
mounted on the board. Ready connection between 
l.C.’s and the plug-in units is made by standard 40-mil 
patch connectors. This permits you to add the relays, 
switches, pulse transformers, resistor networks, op amps 
and many other functions available in the dual in-line 
package, to the functions available in the 2600-Series 
plug-ins. Instrument versatility thus becomes virtually 
unlimited. 




Interconnection board at left permits internal connection be- 
tween plug-ins. Board at right interfaces plug-ins with 14 1C 
sockets. Board includes +5 V regulated supply to power IC's. 



You may also elect to use the I.C. board and 2601 main- 
frame plug-ins completely indej>endent of one another. 
Ten spare front panel jacks on the interconnection 
board provide convenient interface points. Front and 
rear panel BNC connectors on the 2601 may also be con- 
nected internally to any jack on the I.C. interconnec- 
tion board. The pre-regulated 4-17 and —17 volt 
supplies are available on the board and can often be 
used to power linear l.C.’s where other than +5 volts is 
required. 

RATE AND RAMP GENERATORS 

Now let’s take a look at the plug-ins. The 26G1 and 
26G2 are basically ramp generators and produce ramp 
voltages ideal for analog timing applications such as 
delayed triggering of pulse generators, time bases for 
monitors, and raster generation. 

Several ramp modes are available to you. Free run, 
gated, triggered, and gated trigger, plus manually gated 
or triggered operation is readily accomplished from the 
front panel. In addition, the 26G1 can be internally 
triggered by the rate generator which is an integral part 
of the unit. The trigger and gate levels, both input and 
output, are compatible with logic levels used in most 
DTL and TTL logic devices. 

A convenient feature is the ability to terminate the 
ramp at any point in its excursion by applying a posi- 
tive logic 1 to the Ramp Reset input or a logic 0 to the 
Ground to Reset input. This provides for some inter- 
esting possibilities. For example, the 26G1 or 26G2 can 
serve as a time-to-height converter. The amplitude of 
the ramp output can be made proportional to the input 
pulse width simply by feeding the pul.se into both the 
Trig and Ground to Reset inputs. The ramp is then 
started by the leading edge of the pulse and terminated 
when the pulse falls to zero. 

In addition to the main ramp output of 10 volts, sev- 
eral other signals are available at tire front panel. A 1- 
volt ramp output serves as a convenient time base for 
the 601, 602 and 611 monitors which are ideal com- 
panion units to the 2600 Series. The -f3-volt Ramp 
Gate, of the same duration as the ramp, provides un- 
blanking for the monitor. A -|-.3-volt, 1.5-j«s pulse coin- 
cident with the start of the ramp is handy to trigger 
your oscilloscope or other associated circuitry used in 
the application. 

We mentioned earlier that the 26G1 also contains a 
rate generator. Normally free-running at a frequency 
determined by the Rate and Multiplier settings, it can 
also be gated manually or by an external gate. All that 
is needed is reversal of an internal 3-pin connector. The 
Gate and Ground to Gate inputs then serve to gate the 
rate generator, with the first pulse from the rate gen- 
erator coincident with the start of the gate. The rate 
generator may be used independent of the ramp gen- 
erator portion of the 26G1. 
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SYSTEM APPLICATION 



PULSE GENERATION 

The 26G3 Pulse Generator plug-in unit provides pre- 
cise rectangular pulses with amplitude to ± 10 volts and 
pulse duration from 1/is to 11 seconds. Pulse risetime 
and falltime is less than 200 ns. In addition, the unit has 
two other output modes. With the Pulse Duration con- 
trol set to Bistable, the output changes state with each 
succeeding trigger, that is, the output goes to the high 
state on one trigger and to the low state on the next. A 
highly symmetrical waveform or pulses longer than 1 1 
seconds can thus be easily generated. 

The third mode, DC, or as it is sometimes called, 
“locked on”, is appearing with increasing frequency on 
the newer pul.se generators. In this mode the output is 
simply a DC level which can be accurately set to any 
value up to ±10 volts by means of the Pul.se Amplitude 
control. Accuracy is 1% of full scale, full scale being 1 
volt, 10 volts, or a value you may choose by selecting an 
appropriate external resistance. Output current up to 
20 niA is available to drive the selected resistance, how- 
ever, maximum output voltage is limited to ±10 volts. 

Three other outputs are available on the front panel: 
the Pulse Start, a -f3-volt pulse serving as an output 
trigger; the Pulse Gate, a -|-.3-volt gate with the same 
duration as the pulse output; and the Trigger Gate, a 
-|-3-volt gate coincident with the start of the pulse out- 
put and whose width is detennined by the Delay control 
setting. 

Turning to the 26G3 inputs, we see a wide range of 
control for starting and stopping the pulse. Selection of 
slojje and level, much the same as on your oscilloscope, 
is available. A preset -I- 1-volt level is useful when trig- 
gering from logic circuits, and a ramp input provides 
for triggering at any point on a -f 10-volt ramp giving 
you a choice of accurate time delay before starting the 
pulse. The Slew Ramp input offers some interesting 
capabilities; a signal fed into this input is combined 
algebraically with the signal fed into the Ramp input to 
effect triggering. This gives you a convenient means of 
generating two pulses whose time relationship can be 
made to change at a controlled, linear rate. 

One of the common uses of this technique is found in 
the field of biophysical research, the objective being to 
determine the ability of a nerve to respond to separate 
stimuli occurring within a brief time span. A look at 
how we can accomplish this objective using the 2600 
Series will serve to demonstrate the flexibility of the 
system, but first let’s finish our review of the 26G3 
inputs. 

In addition to the Trigger, Ramp and Slew Ramp in- 
puts, there are Set and Reset inputs. A 4- 1-volt signal to 
the Set input, will set the output to its high state regard- 
less of the state of all other inputs except the Reset 
input. Conversely, a -|- 1-volt signal to the Reset input 
will set the output to its low state regardless of the state 
of all other inputs including the Set input. 



Now let’s look at how we can accomplish the objective 
mentioned above, that of determining nerve response 
to closely spaced stimuli, using the 2600-Series instru- 
ments. The block diagram below shows the system we 
can use to generate the variable-spaced pulses, includ- 
ing a 601 monitor to display the pulses. The .system 
consists of the 2601 Mainframe, the 26G1 Rate/Ramp 
Generator, the 26G2 Ramp Generator, the 26G3 Pulse 
Generator and the 601 Storage Display Unit. 




Simplified block diagram of system to produce pulse pairs 
having gradually reduced spacing between pulses. 



Interconnection of the units and the control settings for 
the respective units are shown on the interconnection 
board worksheet at right. These work.sheets are replicas 
of tire interconnection board and provide a handy ref- 
erence for repeating the set-up for a particular measure- 
ment. Replicas of the front panels of the plug-in units 
are available with gummed backing for pasting on the 
worksheet as shown. The photo in the lower right-hand 
corner of the worksheet shows the signal generated by 
the set-up. 

The pulse train is initiated by pressing the Manual but- 
ton on the 26G2. The 26G2 performs four functions. It 
starts the pulse train, gates the 26G1, provides the slew 
ramp for the 26G3 and determines the total period over 
which the nerve will be exercised, in this instance, 10 
seconds. 

The 26G1 also performs four functions. It determines 
how often the 26G3 generates pulse pairs, provides the 
ramp input for the 26G3, determines, in conjunction 
with the slew ramp and the Delay control setting on the 
26G3, when a stimulus pulse will be generated, and pro- 
vides the sweep and unblanking signals for the 601 
monitor. 

The 26G3 merely stands by and generates a pulse of the 
appropriate duration and amplitude when its trigger- 
ing level is reached. 
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Now let’s see what hapj>ens when we push the Manual 
button on the 26G2. A single pulse, 1 volt in amplitude 
and 300 /*s in duration is generated, followed by an 
identical pulse 10 ms later. The two pulses are then re- 
peated at 1.5 sec intervals with the time between them 
reduced 1.5 ms each time they repeat. A reset pulse from 
the 26G1 prevents the slew ramp from triggering the 
26G3 at the peak of its excursion, producing an un- 
wanted pulse. 

OUTPUT CONDITIONING 

One other important plug-in currently available in the 
2600 Series is the 26A1 Operational Amplifier. It is a 
high-power operational amplifier ideal for final pro- 
cessing of signals generated in 2600-Series system. Out- 
put capabilities are ±50 V and up to ±50 mA. Open 
loop gain is 10,000 into a 1 kl7 load with a unity gain 
bandwidth of 5 MHz. 



Access to the operational amplifier inputs and outputs 
is via a Terminal Access Adapter which plugs into the 
plug-in unit. The adapter also provides access to the 
front panel connectors and tlie regulated +15 and —15 
volt supplies. Clij)s and jacks are mounted on the 
adapter circuit board so you can easily change the oper- 
ational amplifier function. A Terminal Access Adapter 
kit which includes a circuit board with a 0.1 x 0.1 inch 
grid of pi a ted- through holes is available for construct- 
ing circuits to meet your specific needs. 

7000-SERIES COMPATIBILITY 

The 2600 Series also brings new capabilities to you 
who own 7000-Series oscilloscojjes. Through the use of 
an adapter, you can operate any of the 2600-Series plug- 
ins in your 7000-Series mainframe; truly plug-in versa- 
tility at its best. 





TEKTRONIX FORM NUMBER 
062-1265-00 
(Pad of 50 sheets) 



ZOOMS 



ZOtns 1 j! 



NOTES 



A 10-second Crain of paired pulses, each pulse 300 ps in duration, 1.0 vole in anplicude 
Pulse pairs repeated at 1.5 second intervals with the time between pulses reduced 1.5 ms 
each repetition. Fin 15 of U70 in the 26C1 is connected to output G on Che 26G1 for a 
reset pulse. A 601 Storage Display Unit serves as monitor. 
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Interconnection board worksheet shows connections between units, front panel control settings 
and waveforms generated by set-up. Notes include signai parameters and special instructions. 
Worksheet provides permanent record of set-up. 
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I TEKIMIGIUE: measuring the linearity of fast ramps 

* By John McCormick, Project Engineer 




John received his BSEE, with distinction, from U of Kansas in 
1962 and his MSE with a Materials Sciences Option from 
Princeton in 1965. With Tek since 1965, he has contributed 
much to fast-ramp technology while working on sampling 
sweeps. 



The time measurements you make with your oscilloscope can 
only be as accurate as the time base displayed on the CRT 
screen. Improvements in components, ramp generator cir- 
cuitry and CRT construction have given us time bases speci- 
fied accurate within 2 or 3% and typically accurate w'ithin 
1%. With the great strides being made in vertical amplifier 
bandwidth has come the challenge of providing the fast 
•sweeps needed to properly display these higher-speed phe- 
nomena. Generating and measuring fast, linear ramps poses 
unique problems. This article discasses a solution for one of 
those problems, that of measuring the linearity of fast ramps. 

There are two important quantities used to specify and de- 
scribe a ramp. These are the mean slope of the ramp, and 
linearity or slope deviation from the mean. .An ideal ramp 
has a constant slope and is perfectly linear. It is usually easy 
to measure the mean slope of the ramp but linearity measure- 
ments are difficult to make and are usually made in an in- 
direct manner. I’his is especially true in the case of very fast 
ramps (tens of nanoseconds in length) . 

The terminology used to describe linearity varies according 
to the method used to measure it. A sampling oscilloscope 
can form the basis for a convenient and precise method of 
ramp slope and linearity measurements. However, before de- 
scribing the method it will be necessar)' to define a few terms. 



DEFINITIONS 



Mathematically speaking, the slope of a waveform at any 
point in time is the derivative of the waveform with respect 
to time. If V (t) is a voltage waveform, then the slope at any 
time is given by 



slope = 111 (t) 



dV (t) 

dt 



In the case of an ideal ramp, the slope would be constant. To 
describe a ramp we may consider an ideal ramp with the 
desired constant slope which we will call the mean slope, plus 
some deviations of the slope from this constant value. 

m(t)=m„-p 1 (t) 

Where m (t) is the actual slope at any given time, m„ is the 
mean slope and 1 (t) is the nonlinearity of the ramp. 

Percentage of nonlinearity is expressed by the equation 

% Nonlinearity = (- " ~ ”’° ) x 100% =-?-^ X 100% 

The nonlinearity is a function of time and can be determined 
if we know m (t) and m^. It is relatively easy to measure m, 
by feeding the ramp into the vertical system of a scope and 
measuring its amplitude and duration; m (t) is the time 
derivative of the ramp waveform. It is possible to measure an 
approximation to m (t) by several methods, only one of 
which we wall discuss in detail here. 

The derivative of a voltage that is a function of time V (t) is 
given by the basic definition: 

V (t+At) - V (t) 
dt ' ^ At 

limit At — ► O 

What we can measure is 

^.(.)_V(t+At)-V(t) 

At 

At finite 

It is obvious that m* (t) is just the average slope of the func- 
tion V (t) measured over a time At at each point in time as 
in Fig. 1. ,A convenient name for At is the time resolution or 
simply, the “resolution” of the measurement. The resolution 
is intlicative of the detail that can be resolved. If the slope 
m (t) has components which last for a time on the order of 
At as in Fig. 1, they will be smoothed out in the measure- 
ment. If the ramp has a fast start like the ideal ramp in Fig. 
2 (a) , then the m* (t) Fig. 2 (c) will differ from the actual 
derivative in Fig. 2 (b) because of the finite resolution time. 
The smaller the resolution time, the closer m* (t) will be to 
m (t) . Now let’s consider metliods of measuring m* (t) . 



MEASUREMENT OF m*(t) 

One simple way to obtain m* (t) for a waveform would be 
to process the waveform with an analog differentiator as in 
Fig. 3. This works pretty well with slow ramps but is very dif- 
ficult to implement for fast ramps. ,A better method for fast 
ramps makes use of sampling techniques to time-convert the 
ramp to a slower-speed replica. Measuring the slope is then 
an easy matter. The technique shown in Fig. 4 can Ije used to 
measure V (t+At) and V (t) . The ramp waveform is fed into 
two identical sampling heads, .A & B, each of which produces 
a DC voltage in its respective memory, proportional to the 
value of the ramp voltage at a time tj when the strobe opens 
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Fig. 1. Resolution limits measurement detail. Components last- 
ing for a time on the order of At will be smoothed out. 




Fig. 2. Measured slope differs from the actual derivative be- 
cause of the finite resolution time. 




the sampling gate. If the strolje time for channel A (t^^) is 
made different from that for channel B (tj,,) by some time 
(At) due to unequal delays and Tj, then the voltage 
measured by the respective sampling heads will be 

VsA = V(ts*) Vs. = V(ts*+At) 

We can then substract them at each time t. 

V (t),.* = Vs. - v„ = (V (t+ At) - V (t) ) 

If we divide the difference in strobe time At we have 
V (t)..A _ (V (t+ At) - V (t) ) _ ^ 

At At 

A convenient realization of the above technique can be ob- 
tained with a sampling system set up as in Fig. 5. The sys- 
tem consists of a 7000-Series four-compartment mainframe, a 
7T11. two 7SH’s, two S-1 sampling heads and a 7A22. If the 
signal cannot be loaded by 50S2 then a probe such as the 
P6034, P6035 or P6051 can be used to couple the signal to the 
power divider tee. .An alternate approach would be to use 
S-3A or S-5 sampling heads in place of the S-1. 

The gains of both sampling channels should be adjusted so 
that they are equal (note variable front panel control on the 
7S1 1 does not effect the gain of the vert sig out) . This can be 
done by inserting a variable attenuator in the leads from the 
vert sig out to the 7.A22. Comparing the amplitudes of the two 
vertical signals out is easily done with the 7.A22. Just feed 
both signals differentially into the 7.A22 and adjust the gains 
until the base line is at the same level before and after the 
ramp. 
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Fig. 3. Analog differentiator is a convenient means of meas- 
uring slope and linearity of slower ramps. 
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Fig. 4. Block diagram of a sampling system to measure 
V(t-\-At) — V(t). Resolution is set by difference in time of Fa 
and Te. 




Fig. 5. 7000-Series system to measure ramp (Vt) and slope 
(m‘t) and display them simultaneously. Attenuator is placed in 
series with 7A22 input having largest signal so inputs to 7A22 
may be set to same amplitude. 
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The resolution should be set by turning the right hand 7S1 1 
Delay Control full CCW, grounding the negative input of 
the 7A22 and setting the left hand 7S1 1 Delay Control for the 
desired At by observing the separation of the two traces on 
the screen. Be sure to adjust the gain of the 7A22 using the 
variable if necessary so that the two traces have the same 
amplitude on the screen. The top photo lx;low is a typical 
display for setting resolution. 




Top photo is typical display for setting resolution. Bottom photo 
shows ramp and its slope. Aberrations are caused by non- 
linearities in the ramp. Resolution is 6 ns. 

.After setting the desired resolution or At, the negative input 
of the 7A22 is moved to the DC position. Now displayed on 
the CRT is the voltage differential between the outputs of 
the samplers which is proportional to At and the slope of the 
ramp. Measuring the amplitude of this voltage differential 
and knowing At we arrive at m* (t) or the slope of the ramp. 

The bottom photo above shows the slope waveform and the 
ramp whose slope it represents. Aberrations on the slope 
waveform arc due to nonlinearities in the ramp. The am- 
plitude of these alterrations relative to the amplitude of the 
slope waveform is the measure of the nonlinearities that exist 
in the ramp. 

ACCURACY OF THE MEASUREMENT 

.Although the absolute slope in volts per nanosecond can be 
measured with this system, the accuracy is not as good as it is 
when measuring linearity unless the system is calibrated with 
a known slope. Contributing to the accuracy' of the slope 
measurement are the accuracy of the sampling channel gains, 
the accuracy of the 7.A22 gain, and the accuracy with which 
the time At is known. 

One method of eliminating the problem of absolute sweep 
calibration for accurate At is to adjust for both channels to 



sample at the same time and add a known length of delay 
line in the signal path of one of the sampling channels. 

Two other factors effect the accuracy of the linearity meas- 
urements. These are nonlinearity in the vertical response 
and nonlinearity in the sampling sweep. Of the two, the 
sweep nonlinearity is the dominate effect. The linearity of 
the sweep is specified to be within 3% over most of the Time 
Position Range and can be checked by the usual method with 
accurate time marks. For sweep speeds with low magnifica- 
tion the linearity is typically better than 1%. 

PRECISION OF THE MEASUREMENT 

Precision refers to the ability to measure small differences in 
signal amplitude and is limited primarily by noise. With the 
system described we can easily measure 1% differences in 
slope. It must be borne in mind that the response of the 
7S1 1’s must be identical. .A convenient way to assure this is to 
set the dot response of both 7SH’s to unity. It is also im- 
portant that the scan rate be slow enough for the bandpass 
used on the 7A22. 

RANGE OF SLOPE MEASUREMENTS 

The upper limit on slope, m* (t) , in volts/ nanosecond is 
determined by the risetime of the sampling system and our 
ability to set the re.solution to be a small portion of the ramp. 
Ten to twenty percent of ramp duration yields good results. 
The system described provides resolution from 10 ns to less 
than 100 ps. We should keep in mind that as the resolution 
time decreases, so does the signal out and noise will be a 
problem. The 7A22 variable bandpass may be used to reduce 
noise but the display rate must decrease proportionally. This 
is easily done by varying the scan control on the 7TI 1. 

The lower limit on m* (t) in volts/ nanosecond is set by 
noise as the resolution time cannot be adjusted greater than 
10 ns without instrument modification. A useful lower limit 
set by noise places the longest ramp length that can be mea- 
sured with this system at about 500 ns. However, an external 
delay line can easily be inserted in the signal path of one sam- 
pling channel to extend the lower limit. 

CONCLUSION 

We have discussed how differentiation of a fast ramp leads to 
a convenient method of measuring ramp linearity and have 
shown how to construct such a measurement system. A ramp 
and its slope, m* (t) , are shown in the bottom photo at left. 
The resolution is about 5% of the ramp length. The risetime 
of the slope can be measured as well as amplitude, overshoot, 
ringing and droop, just as if measuring a step response, and 
these quantities all relate to how linear the ramp is at any 
point. The advantage of having the ramp and the slope dis- 
played simultaneously is that the effect of circuit adjustments 
affecting the slope are seen immediately. 

The ability to differentiate fast waveforms can be useful in 
other applications as well, such as measuring impulse re- 
sponse by differentiating the step response. Differentiation of 
theoretical expressions has always been a useful technique in 
certain analysis (such as linearity of ramps) , but with the 
ability to measure the derivative directly and display it, 
although limited by resolution time, the technique becomes 
even more useful. 
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SERVICING THE 7704 HIGH-EFFICIENCY POWER SUPPLY 



By Charles Phillips 

Product Service Technician, Factory Service Center 



This is the first in a series of articles on servicing the 7000- 
Series oscilloscopes. The 7704 serves as the basis for these 
articles since it contains most of the new circuitry, compo- 
nents and construction techniques we w'ill be discussing. It 
is not our intent to discuss the general techniques used in 
troubleshooting oscilloscope circuitry as these were covered 
extensively in the February 1969 to February 1970 issues of 
TEKSCOPE. Copies of these articles are available through 
your field engineer. 

Proper operation of the regulated low-voltage supplies is 
essential for the rest of the scope circuitry to function prop- 
erly, so let’s look at this section first. 

The high-efficiency power supply used in the 7704 is a new 
concept in power supply design that results in appreciable 
savings in volume, weight and pow'er consumption. It is 
called “high efficiency” because its efficiency is about 70% as 
compared to 45% for conventional supplies. The line-to-DC 
converter/regulator contains most of the unconventional 
circuitry so our discussion will deal primarily with this 
portion. 

First, let’s briefly review the theory of operation. The high- 
efficiency power supply is essentially a DC-to-DC converter. 
The line voltage is rectified, filtered and used to power an 
inverter which runs at approximately 25 kHz. The frequency 
at which the inverter runs is determined basically by the 
resonant frequency of a series-LC network placed in series 
with the primary of the pow’er transformer. The inverter 
drives the primary of the power transformer supplying the 
desired secondary voltages. These arc then rectified, filtered 
and regulated for circuit use. 

Pre-regulation of the voltage applied to the power trans- 
former is accomplished by controlling the frequency at which 



the inverter runs. A sample of the secondary voltage is recti- 
fied and used to control the frequency of a monostable multi- 
vibrator. This multivibrator, in turn, controls the time that 
either half of the inverter can be triggered, thus controlling 
the inverter frequency. Circuit parameters are such that the 
multivibrator, and hence the inverter, always runs below the 
resonant frequency of the LC network. Remembering that 
the resonant LC network is in series with the primary of the 
power transformer, we can see that as the inverter frequency 
changes, the impedance of tlie LC network changes. The re- 
sultant change in voltage dropped across the LC network 
keeps the voltage applied to the primary constant. Pre-regu- 
lation to about 1% is achieved by this means. 

Now, let’s turn our attention to troubleshooting the supply. 
Assume you have made the usual preliminary checks; you 
have power to the instrument, the line selector on the rear 
of the instrument is in the correct position for the applied 
line voltage and the line voltage is within specified limits. 
The plug-ins have laeen removed to eliminate the possibility 
of their causing the power supply to malfunction. 

With the instrument power off, check the two fuses located 
in the line selector cover on the rear of the instrument. If the 
line fuse, F800, is open the problem is probably in the line 
input circuitry. If the inverter fuse, F810, is open the inverter 
circuitry is probably faidty. In either case it will be necessary 
to remove the supply from the mainframe to make further 
checks. This is ea.sily done by removing the four screws on the 
rear panel that secure the power unit, then sliding the unit 
out the rear of the instrument. 

Before removing the power-unit cover, dieck to see that the 
neon bulb on the left side of the power unit has stopped 
flashing. The primary storage capacitors C813 and C814 




Simplified block diagram of high-efficiency low-voltage power supply. 










remain charged with high voltage DC for several minutes 
after the power line is disconnected. When this voltage 
exceeds about 80 volts the neon bulb flashes. While servicing 
the power utiit, the discharge time of the storage capacitors 
can be speeded up by temporarily disabling the inverter 
stop circuit. I’ulling Q864 before turning oft the scope power 
will allow the inverter to keep running for a short time, thus 
draining most of the charge from the capacitors. A voltmeter 
reading between test points 810 and 811 on the line input 
board will indicate the charge remaining on the storage 
capacitors. .Allow at least one minute for the current-limiting 
thermistors to cool before turning on the power again if you 
use this fast-discharge technitpie. Do not attempt to discharge 
the capacitors by shorting directly across them as this will 
damage them. 

W'ith the power-unit cover removed, orient the supply with 
the rectifier board on top, the line input board on the left 
and the inverter board on the right. This will make it con- 
venient to get to all the test points as we go along. 

LINE INPUT BOARD 

First let’s check the line input board. It's fairly easy to tell if 
this circuit is working. The neon bulb previously mentioned 
will start flashing when power is applied. On some units it 
assumes a steady glow', on others it continues to flash. The 
voltage reading on test points 810 and 81 1 should be approxi- 
mately 300 volts DC depending upon the line voltage. Be 
careful not to ground any point in this circuit except test- 
point ground or chassis. 

Typical troubles in this circuit causing the line fuse to open 
are shorted diodes on the bridge, CR810, or a shorted capaci- 
tor C810, C811, C813 or C814. 

INVERTER BOARD 

Next in line is the inverter circuit. The problems most com- 
mon to this circuit are open fuse F810, .shorted transistors 
Q825 or Q835, or shorted diodes CR825, CR8S5, CR828 or 
CR838. An open inverter fuse usually indicates trouble in 
the inverter. 

Before working in this circuit, unplug the power cord and 
give the storage capacitors time to discharge. Remove the 
line .selector cover containing the line and inverter fuses. 
W^e’re now ready to make some resistance checks on the in- 
verter board. 

With your ohmmeter set to the xl kO scale, take a reading be- 
tween test points 826 and 836. The reading should be several 
megohms in one direction and =: 1.5 kSl with the test leads 
reversed. Check between test points 836 and 820. You should 
get a high and low reading as Itefore. This checks the tran- 
sistors and important diodes in the inverter stage. If you 
get a low reading in both directions on either of these tests, 
remove the transistor from the side having the low reading 
ill both directions. .-V set of readings between the appropriate 
test points will show whether it is the diode or the transistor 
that is defective. Diodes CR826 and CR836 are not checked 
by the above procedure but will not prevent the inverter 
from running even if shorted. Once you achieve a high 
resistance on both sides of the inverter, it will probably 
operate when you apply the proper power to it. However, 
before applying power, a quick check should be made on 
rectifier board test point 860 to ground. The resistance 
should be ~ 2 k!2 or 40 ki! depending on the polarity of the 
meter leads. 



You can now prepare to apply power to the instrument. 
Install the line selector cover. Remove Q860 to disable the 
pre-regulator circuit. Connect your test scope between test 
point 836 and ground on the inverter board. Vertical .sen- 
sitivity should be 50 V/'div DC at the probe tip, the trace 
centered and the sweep speed set to 10 ns/div. Connect a volt- 
meter between the +75 V test point and ground on the recti- 
fier board. Plug the scope into an autotransformer and with 
the line voltage set at zero volts, turn the instrument on. 
Slowly advance the line voltage while watching the test scope. 
If the trace moves up or down, the inverter still has problems. 
If the trace holds steady, the inverter should start as the line 
voltage approaches 80 volts. A square wave of approximately 
25 kHz and 200 volts will appear on the test scope. Do not 
advance the line voltage any further. The +75 volt supply 
should not be allowed to exceed 75 volts to prevent blowing 
the inverter fuse. 

RECTIFIER BOARD 

You are now ready to check the pre-regulator circuitry. Turn 
off the scope and return the line voltage to zero volts. Replace 
Q860 in its socket. Slowly advance the line voltage while 
monitoring the +75 volt supply. If the +75 volts holds 
steady, you can advance the line voltage to a normal .setting. 
If the voltage is not stable or if the signal Ireing monitored 
on test point 836 on the inverter board is erratic in frequency, 
the pre-regulator is not working properly. The quickest 
method of troubleshooting this circuit is to check the associ- 
ated transistors with a curve tracer or ohmmeter. The wave- 
forms shown on the facing page are typical for a properly 
operating supply. 

MECHANICAL CONSIDERATIONS 

Most of the components in the power supply are readily 
accessible from the top of the printed circuit Imards. How- 
ever, when it is necessary to remove a soldered-in component, 
we suggest you remove the circuit board from the assembly 
and unsolder the component from the back side of the board. 
The line input board and the rectifier board are readily 




Low-voltage supply removed for easy servicing. Line input 
board is on the left side, rectifier board on top, and just the 
edge of the inverter board is visible at the right. 
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removed by loosening two or three screws. The inverter 
board is somewhat more difficult to remove; the manual 
gives the proper procedure. 

Care should be exercised when replacing Q825 or Q835 
located on the ceramic heat sink on the inverter board. The 
mounting studs are soldered into the printed circuit board 
and may be broken loose by applying excessive torque. 



When placing the power unit back into the mainframe take 
care to properly dress the power unit cables between the 
power unit and the logic board. Lowering the swing-down 
gate on the right side of the instrument will let you guide 
the cables into place. 

In the next issue of TEKSCOPE we will discuss the 7704 high 
voltage power supply. 




Typical waveform at TP836 for properly 
operating supply. Mid-screen Is 0 Volts. 









INSTRUMENTS FOR SALE 



561 A, $500. 3T77, .$500. 3S76, $850. Harold 
Dove. 837 Uvalda St., Aurora, Colo. 80010. 
(303) 343-2906. 

3-514D, SHAD, 524AD, 502, 541. 543A, 
180A. 2 ea. 160A, 161, 163, 162. Jim Ken- 
nedy. Technitrol. Inc., 3825 Whitaker Ave., 
I’hila., Pa. 19124. (215) 426-9105. 

575, .$900. Hans Frank, Dynaco, Phila., Pa. 
(215) CE 2-8000. 

.502A, 202-1. Ron Calvanio or Dr. Denton, 
Mass. Cien'l. Hospital, Dept, of Anesthesia, 
Fruit St.. White Bldg., Boston, Mass. 02114. 
(617) 726-3851, 726-2034. 

2 ea. 513D, 517. Dr. Frederic Davidson. E.E. 
Dept., Johns Hopkins Univ., Baltimore, 
Md. 21218. (301) 366-3300, Ext. 249. 

515A. G. Katzen, 243 W. Main St., Cary, 111. 
60013. (312) 639-4768. 

601, .$925. Dr. William Spickler, Cox Heart 
Institute, 3525 Southern Blvd., Kettering, 
Ohio 45429. 

5HD, $250 or trade for 3 in. model. Arthur 
Pfalzer, Hoover Electric, Hangar 2, Port 
Columbus Airport, Columbus, Ohio 43219. 
(614) 235-9634. 

.561A,3A6,3B4. Package price.$1250. Pierre 
Cathou, MIT Branch, P.O. Box 104, Cam- 
bridge. Mass. 02139. (617) 868-5782. 

53G, $100. 53/54B, $85. Dan McKenna. 
(517) 725-7211. 

2-453. Dave Ballstadt, Optical Digital Sys- 
tems, 1175 E. Highway 36, .St. Paul. Minn. 
55109. (612) 484-8589. 

51 3D. Lou Chall, 2834 Serange Place, Costa 
Mesa, Calif. 92626. (714) 545-6536. 

549, I Al, 202-2, $2800 complete. J. C. Davis, 
Republic Nat'l Bank, Sunset Plaza, Pueblo. 
Colo. 81004. 



611. Dr. Les Wanninger, General Mills. 
Inc., 9000 Plymouth Ave., N., Golden Val- 
ley, Minn. 55427. (612) 540-3444. 

.561A, 3A6, 3B3. Excellent condition. $1000. 
Might accept 321 or 321A as part payment. 

(213) 792-4962. 

323, $850. C30AP, New, $450. Harold Moss. 
(213) 398-1205. 

536, 53/54K, 53/54T, $800. S54, $300. Geo. 
Schneider, Profexray Div., Litton Medical 
Products, 1601 Beverly Blvd., Los Angeles, 
Calif. 90026. (213) 626-6861. 

511 AD. $300. C-arl Powell, 3906 Jackson 
Hwy. Sheffield. Ala. 35660. (205) 383-3330. 

1S-RM56IA/2A60/2B67 never used. At- 
tractive discount. J. Wieland, 16950 Encino 
Hills Dr., Encino, Calif. 91316. 

316, $600. I. R. Compton, Comptronics, 
3220- 16th West, Seattle, Wash. 98119. 
(206) 284-4842. 

2B67, $175. 63 Plug-In, $100. Roger Kloep- 
fer. (517) 487-61 1 1, Ext. 392. 

514A. Geo. Butcher, Electronics Marine, 
P.O. Box 1194, Newport Beach, Calif. 
92663. (714) 673-1470. 

1L20. George Bates, Dynair Elect., 6360 
Federal Blvd., San Diego. Calif. 92114. 
(714) 582-9211. 

611, $2000. Dr. A. Sanderson, Harvard 
Univ., Electronics Design Center, 40 Ox- 
ford St., Cambridge. Mass. 02138. (617) 
495-4472. 

P6046 Probe, Amplifier, P.S., $600. Bob 
Waters, Jr., ARCT, Inc., P.O. Box 11381, 
Greensboro. N.C. (919) 292-7450. 

503 w/Grid. Wm. Gelb, Gelb Printing & 
Lithographing Co., 6609 Walton St., De- 
troit, Mich. 48210. (313) 361-4848. 

555 complete. Scope Cart. Fred Samuel, Ch. 
Engr., W'XTV, Ch. 41, 641 Main St., Pater- 
son, N.J. 07503. (201) 345-0041. 



547, 422, 453, 502, Plug-Ins, Cal. Fixtures. 
Manzano Laboratories, Inc., 146 Quincy 
Ave,, N.E., Albuquerque, N.M. 87108. 
(505) 265-7511. 

SHAD, $260. J. Barsoomian, 31 Porter St., 
Watertown, Mass. 02172. (617) 924-6475. 

2-531A/CA, $895. 2-531/CA, $695. 53/54C, 
$150. 2A63, $125. J. Boyd, Tally Corp., 8301 
180th South, Kent, Wash. 98031. (206) 
251-5500, Ext. 6787. 

545B, lAl, 1A7. Scientific Industries, 150 
Hericks Rd., Mineola, N.Y. (516) 746- 
5200. 

547, 1A4, 1A2, 202-2, as package or individ- 
ually. Phil DiVita, Data Display Systems, 
Inc., 139 Terwood Rd., Willow Grove, Pa. 
19090. (215) 659-6900. 

105, $100. Charles Yelverton, Jones County 
Jr. College, Ellisville, Miss. 39437. (601) 
764-3667. 

516, $1020. 564B/121N, $876. 3A6, $440, 
3B3, $544. 545B, $1360. lAl, $520, 1A6, 
.$236. 201-1, $116. 201-2. $124. 202-2, $124. 
Larry Glassman, 5584 Benton Woods Dr., 
N.E., Atlanta, Ga. 30342. (404) 255-.5432. 

.531A, CA, 202 Mod. A. $500 package. Tom 
Eckols, Dow Jones Co., Dallas, Texas. 

(214) ME 1-7250. 



INSTRUMENTS WANTED 



453. W. Pfeiffer, 1332 E. Portland, Spring- 
field. Mo. 65804. (417) 869-0249. 

519. John Barth. Barth Corp., 7777 Wall 
St„ Cleveland, Ohio 44125. (216) 524-5136. 

503. A. Ruben. Medical Sales & Service, 270 
E. Hamilton St., Allentown, Pa. 18103. 

(215) 437-2526. 

R56IA or B, with or without Plug-Ins. Dr. 
Paul Coleman, Univ. of Rochester Medical 
Cntr., Anatomy Dept., Rochester, N.Y. 
14620. (716) 275-2581. 
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30 Hz resolution 
at gigahertz frequencies— 
a new direction 
in spectrum analysis 



10 Wz 



F or some years the needs of liigh-freqiiency spectrum analysis in the 
area of DC; to 2GHz have been satisfied by a number of instruments 
whose incidental FM was in the order of 200 Hz. While these instru- 
ments have served well they do not permit exacting measurements in the 
areas of spectral purity and clbse-in distortion. As a result, the user is 
often compelled to adopt alternate test procetlures which require the 
use of down-converters and low-fret] uency spectrum analyzers or wave 
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analyzers. The cumbersome nature 
ment systems couplet! with the tightening oi signal 
specifications by governmental regulatory agencies has 
created a need for a high performance, high-frequency 
spectrum analyzer. 

Performance Goals 

At inception, the 71.13 program aimed at reducing 
internal FM and drift by an order of magnitude with 
commensurate improvement in resolution capability. 
Keeping in mind that most spectrum analyzers are al- 
ready somewhat difficult to operate, these improve- 
ments could not be accomplished at the expense of oper- 
ational ease. Indeed, additional improvements in oper- 
ational simplicity should be sought. 

First Local Oscillator 

It is the local oscillator system that determines the 
performance achievable in most spectrum analyzers. 
An examination of the oscillator system reveals that 
there are basically two oscillators under consideration. 
These are the 1st L.O. (2.1 - 3.9 GHz) and the 2nd L.O. 



Fig. 1. The 3rd L.O. being 
crystal-derived at 95 MFIz contributes negligible FM 
(<<1 Hz p-p) to the system. 

It is common practice, as tlie frequency span is re- 
duced, to phase lock the 1st 1..0. to a fixed crystal refer- 
ence oscillator, thus stabilizing it while shitting the 
sweep function to the 2nd L.O.' The rate of the crystal 
reference o.scillator determines the range over which the 
2nd L.O. must be swept in order to complete the fre- 
quency coverage between the discrete lock points. 
Hence, a low-frequency reference is desirable from the 
viewpoint of design ease in the 2nd L.O. system. 

The choice of a crystal reference rate is compromised 
by the high phase noise associated with low-fretjuency 
references. The increase in noise arises from the require- 
ment for a higher multiplication rate of the funda- 
mental oscillator, whose behavior is characterized by 
the following equation: 

DEGde = 20 log M, 
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1st 2nd 3rd 




Fig. 1. Frequency conversion system of the 7L13. 



Where: DEG is the degradation in spectral purity in 
dB and M is the multiplication factor. From the stand- 
point of phase noise it is desirable to choose a high rate 
for the crystal reference oscillator; however, conflicting 
requirements result. A 1-MHz reference rate is chosen 
as medium ground for the 1st L.O. reference. This 
[permits a reasonable 2nd L.O. tuning range of 3 MHz 
as well as satisfying the phase noise constraint. 

There is a unique bandwidth for any oscillator servo 
system which will yield optimum spectral purity. This 
bandwidth is determined by considering the relative 
sp>ectra of the reference oscillator and the voltage- 
tuned oscillator (VTO) which is to be locked. In the 
1st L.O. servo loop, the loop bandwidth is chosen such 
that the excellent line-width properties of the crystal 
reference are translated to the YIG VTO. The broad 
noise pedestal associated with the same reference is 
rejected in favor of the faster falling noise sidebands 
of the YIG VTO. The FM jierformance of this system, 
when operating in the lock mode, is in the 1 Hz p-p area. 

2nd Local Oscillator 

The 2nd L.O. usually consists of a varactor-tuned oscil- 
lator operating in the region of 1.5 to 2.5 GHz. Exam- 
ination of the properties of this oscillator type indicates 
that under reasonable circumstances, 200 Hz is the 
minimum residual FM that can be expected as guar- 
anteed performance without resorting to external 
stabilization techniques. 

Improving the performance of the 2nd L.O. becomes 
a problem of designing an oscillator at a frequency 
where the desired stability and tuning range can be 
achieved. In this case a voltage-tuned oscillator oper- 
ating from 16 to 19 MHz, and whose residual FM is 
approximately 1 Hz p-p, meets the requirements of a 
reference for the 2nd L.O. system. The stability prop- 
erties of this reference oscillator are translated to 2.2 



GHz by a type-two frequency servo system as indicated 
in Fig. 2. The unstable 2.2 GHz oscillator, collector 
tunable over a ±1.5 MHz range, is heterodyned with 
a crystal-derived 21 82.5-MHz (FM <1 Hz p-p) signal. 
The product at 17.5 (±1.5) MHz is phase compared 




Fig. 2. Second L.O. stabilization system. 

with the 16 to 19 MHz reference oscillator and the re- 
sultant error signal is amplified and fed back to the 
collector of the 2.2 GHz oscillator. Thus, the 2.2 GHz 
L.O. is synthesized in such a manner that it replicates 
the product of the 16 to 19 MHz oscillator and the 
2182.5 MHz crystal-derived source within the band- 
width of the servo system. The complete 2nd L.O. 
system of the 7L13 exhibits a typical incidental FM of 
1 Hz p-p. 

major distinction in the operation of die 2nd L.O. 
servo system (as opposed to the 1st 1..0. loop) is that 
it is functional in all inodes of 7L13 operation. The 2.2 
GHz oscillator is never allowed to assume a free run- 
ning mode and is under the control of the 16 to 19 
MHz VTO from the time the instrument is turned on. 
Consequently, there is no mention of a 2nd L.O. lock 
mode on the analyzer front panel, and the stabiliza- 
tion of the 2nd L.O. in no way complicates the use 
of the instrument. 
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30 Hz Resolution Filter 

In order to exploit the extraordinary stability of which 
the 7L13 local oscillator system is capable, a 30-Hz 
resolution position was made available to the user. In 
light of the fact that the widest resolution bandwidth 
in the instrument is 3 MHz, a center frequency of 10 
MHz is chosen for the final IF. In order to keep system 
complexity to a minimum, this requires that the 30-Hz 
resolution filter be at 10 MHz as well. 

This filter is of the well known lower sideband lad- 
der design (Fig. 3) . It employs three quartz resonators 
whose unloaded Q is in excess of one million and has 
a nominal 60:6 dB shape factor of 10:1. These reso- 
nators, when exposed to temperature variations en- 
countered in the instrument (0°>50°C), are prone 
to alter their center frequency by a large fraction of the 
filter bandwidth. In order that the 30 Hz filter be able 
to maintain its bandpass characteristics under condi- 
tions of varying temperature, the quartz resonators 
are required to have matched temperature-versus-fre- 
quency properties. 

I I I I 

Fig. 3. Simplified circuit of the 30-Hz crystal filter. 

Frequency Readout and Tuning 

The availability of high linearity (typically .1%) YIG- 
tuned oscillators prompted the use of a digital fre- 
quency readout. This is accomplished by a digital volt- 
meter (DVM) which monitors the tune voltage of the 
1st L.O. The frequency information obtained from 
the DVM is multiplexed and displayed both on the 
front panel, by a light-emitting diode display, and on 
the analyzer screen via the Tektronix CRT READOUT 
system. This permits the user to measure frequency to 
an accuracy of ± (5 MHz + 20% of the frequency span 
per division) ; 20% of a division being as close as one 
can typically judge the signal position, taking into ac- 
count the effects of observation and the geometry of 
the display. 

Simplification of operation was achieved through the 
development of a single- knob tuning scheme. Pre- 
vious analyzers have often had two or more tuning 
knobs; and depending upon what mode the analyzer 
was operating in, inadvertent adjustments of the wrong 
tuning knob could cause severe frequency disturbances 
in the instrument. This problem is eliminated in the 



7L13 through a mechanism employing two magnetic 
clutches and a self-centering potentiometer. When this 
system is operated in spans where the 1st L.O. is stabi- 
lized, the 2nd L.O. potentiometer clutch is engaged. 
Starting from a centered position, it prohibits one from 
achieving lock with the 2nd L.O. tuning control against 
one stop. Further, access to the 1st L.O. potentiometer 
is denied the user by disengaging the 1st L.O. potenti- 
ometer clutch so that he cannot mistakenly tune the 1st 
L.O., break lock, and lose his display. When returning 
to spans which do not require 1st L.O. stabilization, the 
clutches alternate state returning the 2nd L.O. poten- 
tiometer to its centered position and permitting tuning 
of the 1st L.O. 

Convenience Features 

We have come to expect such user conveniences as 
absolute amplitude calibration, freedom from spurious, 
automatic frequency stabilization, coupled span and 
resolution controls, display warning indicators and such 
in our high performance spectrum analyzers; and in- 
deed they are all present in the 7L13. The 7L13 goes a 
step beyond and introduces the concept of full param- 
eter readout to spectrum analysis (Fig. 4) . All pertinent 
information, i.e., center frequency, resolution band- 
width, span, video filtering, vertical scale factor and 
power reference level may be viewed at a glance or 
permanently recorded by a photo of the display. 

Performance 

The graph of frequency tuning range versus resolution 
on page 3 shows the performance of the 7L 1 3 and other 
instruments currently available. As is evident, the 7L13 
represents a significant breakthrough in the area of 
high resolution, high-frequency spectrum analysis. The 
7L13 has achieved a high degree of synergism with 
respect to spectral purity, resolution and drift. The 
instrument is not limited by the cleanliness of its oscil- 
lator system, as is so often the case with other high- 
frequency analyzers. As Fig. 5 shows, the shape of the 
30-Hz resolution hlter is clearly defined for well over 60 
dB. This performance, familiar to users of low-fre- 
quency spectrum analyzers, is uncommon above a few 
hundred megahertz and due largely to the very con- 
servative 10-Hz FM specification of the 7L13. 

Resolution is a significant feature of a spectrum 
analyzer. Fig. 4 illustrates a 1476-MHz carrier, ampli- 
tude modulated at 50-Hz rate with both sidebands 
distinctly resolved. Fig. 6 shows the same carrier modu- 
lated at a 400-Hz rate along with residual 180-Hz line- 
related modulation on the carrier source 60 dB down. 

The question of how long a given stable signal will 
remain on the display may be resolved by the drift 
specification. Just how well the 7L13 conforms to its 2 
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kHz/hr drift specification is evident in Fig. 7. This 
time-lapse photograph, made at hourly intervals, re- 
veals a total drift of 4 kHz in (j hours with 1.2 kHz 
occurring in the first hour. 

All of the foregoing performance features of the 7LI3 
would lose much of their impact if the analyzer were 
not highly immune to intermodulation distortion. It is 
this property which in large part determines whether 
the display on the analyzer is real. Returning to Fig. 5, 
one can see that, in this 2-tone test at 1555 MHz with 
500-Hz tone separation, there are no visible 3rd-order 
intermodulation products. 

In general, it is instruments like the 7L13 which will 
ease the burden of making critical spectral measure- 
ments at high frequencies. And this ability will set the 
direction for future improvements in communication 
equipment performance. 
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Fig. 4. 1476-MHz carrier modulated at 50 Hz. Note full pa- 
rameter readout. 




Fig. 5. Two-tone test at 1555 MHz shows freedom from dis- 
tortion along with spectral purity and resolution filter shape. 




Fig. 7. Time-lapse photo taken over a 6-hour period shows 
excellent drift characteristics of the 7L13. 
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CRT READOUT- 
nicety or necessity? 

W hen the 7000-Series Oscilloscopes were being 
conceived much discussion cetUered around a 
scheme to present alphanumeric inlormation on the 
CR T along with the wavelorm. Would the benefits de- 
rived justify the engineering effort required? What 
about the added cost to the customer who tlidn't treed 
or want readout? These and related questions con- 
sumed hours of discussion. 

The (juestion of added cost for those not needing 
readout was neatly resolved by placing the bulk of the 
readout circuitry on a single printed circuit board. 
Easily installed or removed, readout could be included 
at the time the instnmrent was ordered, or added later 
at the customer’s preference. Only time coidd ade- 
quately answer the question of whether the benefits 
would justify the effort required. 

How It Works 

Here, briefly, is how the readout system works. The 
system uses an electronit character generating circuit 
which time shares the CRT with the normal scope func- 
tions. The characters are formed by a .series of X and V' 
analog currents developed by CJharacter Cienerating 



I.C.’s. A set of 50 different characters aie provided, with 
the capability to add others as the need arises. Included 
are all of the numerals, most of the alphabet in upper 
ca.se, the symbols, p, n, jx, m and other special symbols. 

To minimi/e coding complexity an analog coding 
scheme was developed in which data is encoded by 
means of resistors and switch closures. This data is gen- 
erated in the plug-in by connecting these resistors be- 
tween time-slot pulses anti tlata output lines via the 
appropriate switch. The coding scheme includes two 
channels for each plug-in so that dual trace amplifiers 
and delaying/delayed time bases can be accommodated. 
A maximum of eight words can be displayed, corre- 
sponding to two channels for each of four plug-ins. The 
position of each word on the CR'I' is fixed and related 
to the plug-in from which it comes. Each channel will 
tiisplay one word having up to ten characters. The 
characters are normally written without redundant 
spaces, but spaces can be called for in the code if de- 
sired. Only tho.se channels in use have their readout 
displayed. 

Some Benefits of Readout 

Now, what are some of the benefits afforded by CRT 
READOUT? To tho.se whose work entailed photo- 
graphing the waveform a major benefit was immedi- 
ately a|jparent. The vertical deflection factors and 
sweep rates could be recorded right on the film with the 




The 5403 Oscilloscope features 60-MHi! 
bandwidth, plug-ins and CRT RE.\D- 
OUT. 
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displayed waveform. This would be a real convenience 
and time saver. 

Another major benefit was the retluction of o|>erator 
error in making measurements. More than one piece of 
research has had to be l edone because of faulty data due 
to probe attenuation or uiicalibrated knob .settings 
going unnoticed. With CRT READOUT, the scale 
factor at the probe tip is automatically indicated when 
the proper probe is usetl. An uncalibrated knob setting 
is denoted by displaying < or > before the reading, 
e.g., <500 mV. 

And then came a major breakthrough in oscilloscope 
capability. With the introduction of the 7D14 plug-in 
the oscillo.scope became a 500 MHz digital counter'; 
the CiRT READOUT serving as the tii, splay for the 
counter. And the oscillosco|)e/counter combination 
opened the door to previously difficidt or impossible 
measurements. For example, selectively-gated counter 
measurements could now be made easily and accurately. 

Another digital plug-in added tligital voltmeter ami 
temperature measuring capabilities. A digital delay 
pltig-in provided a digital delaying time ba.se and the 
ability to delay by a selected number of events. Spec- 
trum analysis was inclutled with reference level, dB/div, 
frequency s|>an, resolution and other calibrated param- 
eters all displayed by CR T RE.\DOUl'. 

.'Another significant measurement capability was in- 
troduced with the Digital Processing Oscilloscope. This 
instrument marries the oscilloscope to a computer or 



tlesk-top calcidatoi. Here, again, CRT READOUT 
plays a vital rote in displaying the parameters of the 
signal displayed on the screen, which may be consider- 
ably different from the signal fed to the oscillo.scope 
input. 

Getting a Word In 

It didn’t take long for customers to voice a need for 
putting their own words in the readout— information 
like the date, test number or the engineer’s name. To 
accommodate these needs a “typewriter” plug-in was 
developed. The 7Ml.^ Readout Unit provides a front- 
panel keyboard to write alphanumerics and a selection 
of symbols. Two ten-character words can be written on 
the CRT screen, one at the top and one at the bottom, 
in the position a.ssociated with the selectetl plug-in slot. 

CRT READOUT In a Low Cost Scope 

Becau.se of its proven value, CRT READOU T is also 
included in the new 5100 Series, a line of low-cost, 60 
.MHz, plug-in oscillosco|)es. Here again provision is 
made to insert two ten-character words of your own 
choi<e in the readout via a 25-pin connector on the rear 
panel of the scope. An optional plug-in program board 
makes it easy to build your own words. 

Summary 

CR T READOU'T has proven to be much more than 
just a convenience, it is the key that opens the door to 
new measurements for the oscilloscojte user. Just what 
the total Irenefits will be remains to be determined. 
We’re still discovering new ones right along. 

'Tckscopc. Januai 7 1973, “A new world <»f mcasureincnts for the 
oscilloscope.” 
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The readout in this photo was pro- 
grammed by the computer in a Digital 
Processing Oscilloscope system. The dou- 
ble V indicates the wax'eform is the re- 
sultant of two voltage signals multiplied 
together. 




9 





Flexible disc measurements 
simpiified by digital delay 



Teknique 



S ignals from a flexible disc and its associated circuitry can be measured 
using a conventional delaying sweep. However, jitter caused by small 
speed variations in the rotating disc can make the display difficult to inter- 
pret. And when you consider that there may be 100,000 data bits on a single 
track you can appreciate the difficulty of locating a particular bit. The 7D11 
Digital Delay Plug-in eases the task considerably. 

The7Dl 1 can be used in any 7000-Series Oscilloscope having CRT RE.AD- 
OUT. The plug-in has two basic modes of operation. The first is a Delay- 
by-Time mode, where a highly accurate internal clock is the time base from 
which delays are derived. Digital delays from 100 nanoseconds to 1 second. 



in lOO-ns incremeius, are available in this nicxle. A 
hel id ial-con trolled analog delay provides an additional 
0 to 100 ns ot delay providing time delay resolution tip 
to 1 ns. 

riie .second mode of operation, Delay-by-Events, is 
the motle we’re most interested in for this application. 
In this mode the 7D1 1 counts arbitrary trigger events, 
ami tlelivers an output (notifies the delayed sweep) 
when the preselected number of events is reached. The 
unit can count events from I to 10,000,000 occurring at 
rates up to 50 MH/, and the events can be j)eriodic, 
aperiodic, and contain instability such as jitter and 
drift. 

To determine when to start counting the .selected 
number of events, we need to provide a related syn- 
chronization pulse to the Events Start Trigger input of 
the 7D1 1. This could be the origin pidse, or, perhaps, a 
sector pulse from the flexible disc, depending on the 
measurement to be made. 
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Fig. 2 (a) Timing relationship between the index and sector 
pulses. 
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Fig. 2 (b) WRITE data timing and signal waveforms. 



Now let’s take a look at some measurements on the 
flexible disc system. We will be working with the Mem- 
orex 651 Flexible Disc Drive. This system u,ses a disc 
sjieed of ~ 375 RP.M. Depending on user requirements, 
the data may be organized on the disc in multiple rec- 
ords per track (sector) or single record per track (in- 
dex) format. There are 32 sectors and 64 tracks on the 
disc. Fig. I shows the format for each mode of operation. 

The clock frequency used is 250 kHz. The clock is 
recorded on the track along with the data to permit 
accurate readout of data with variations in disc speed. 
Fig. 2 shows the relationship between the index and 
sector pnlses, and the clock and data pulses. The RE.\D 

SECTOR FORMAT 




SECTOR 




Fig. 1. Formats for data organized for multiple record per track 
(sector) and single record per track (index). 



head reads the combined clock and data pulses recorded 
on the disc. The RE.\D logic amplifies and separates 
them into two outputs: separated chxk signals and 
separated data signals. 

Signal Variations from Track to Track 

One of the problems encountered in using a disc is the 
change in amplitude of the signal on the disc as you 
move from an outer track to an inner track. Fig. 3 (a) 
is the signal from Track 00 and 3 (b) the signal from 
Track 63. The bottom waveform in each photo is the 
analog signal from the READ head; the top waveform 
is the signal converted to a negative-going TTL-com- 
patible pulse. You will note the events count is 1247. 
This indicates we have triggered the EVENTS S1.VRT 
from one sector jndse and delayed out to permit us to 
view the start of data in the next sector. The shift of the 
data to the left in Fig. 3 (b) is due to the fixed spacing 
between the WRITE and READ heads causing us to 
miss more of the 136 bits between the start of the sector 
pulse and the start of data as we move toward the center 




Fig. 3 (a) The lower trace is raw data from the READ head 
while reading Track 00. Upper trace is signal reconstituted 
in ’TTL-compatible format. 






Fig. 3 (b) Same signal source as in 
Fig. 3(a) read from Track 63. 



Fig. 5. Time interval from end of 
data in one sector to start of next 
sector pulse is easily viewed with the 
7D11. 



Fig. 7. An events count of 1040 takes 
us near the end of a sector to view the 
8-bit strobe pulse moving data from 
the shift register to the computer ter- 
minal. 
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Fig. 4. Setup for making measure- 
ments displayed in Figs. 3(a) and 
3(b). 



Fig. 6. Setup for making measure- 
ment displayed in Fig. 5. 



Fig. 8. Setup for making measure- 
ment displayed in Fig. 7. 



of the disc. I'he setup to make this measurement is 
shown in Fig. 4. 

Another point of interest in the system is the interval 
from end of data to the start of the next sector. This is 
shown in Fig. 5. The upper trace shows the data ending 
100 fiS from the start of the sweep. The lower trace 
shows the next sector pulse starting approximately 500 
fis later. The events count of 1037 was selected to place 
the leading edge of the sector pulse conveniently on the 
vertical graticule line. Fig. 6 shows the 7704A setup for 
this measurement. 

The photo in Fig. 7 shows some interesting sets of 
signals in the system. There are 1048 data bits recorded 
per sector. An events count of 1040 was selected so we 
could view the last data in the sector and check for the 
8-bit strobing pulse that would transfer the data from 
the shift register to the computer terminal. The follow- 
ing 8-bit strobe pulse transfers the shift register to the 
next character. Fig. 8 shows the setup for this display. 



Summary 

These are just a few examples of the use of the 7D11 
Digital Delay unit in making measurements in a flex- 
ible disc system. It provides a convenient means of 
locating and viewing any of the thousands, or in some 
cases, millions of bits of data present in the disc system. 

Other digital plug-ins such as the 7D12 A/D Con- 
verter and the 7D15 Universal Counter/Timer are also 
valuable aids in making accurate voltage and liming 
measurements in a disc system. ^ 
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Servicescope Servicing the 465 

portable oscilloscope 



T he first thing you need to know in servicing a product is how to get the 
cabinet oft. This is less than obvious in much of the packaging used 
today. You will find it takes a little longer to remove the 465 cabinet than 
you’re accustomed to with the 453. But there’s a good reason. The 465 is six 
pounds lighter than the 453A. And part of the weight reduction is achieved 
by using the cabinet to mechanically strengthen the package. This is accom- 
plished by extending the cabinet slightly beyond the rear panel of the instru- 
ment. When the rear ring assembly, with the feet attached, is installed and 
tightened down it compresses the cabinet and pulls on the main chassis mem- 
ber, stressing both of them. This stress adds strength to the package. 

I’he best procedure for removing the cabinet is to put the front cover in 
place, set the instrument on the front cover and remove the six screws holding 
the rear ring as.sembly. Four of these serve as mounting screws for tlie rear 
feet. The cabinet is then slid oft vertically. When replacing the cabinet on 
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earlier instruments, take care that the cabinet clears 
the components on the trigger-view board. In later 
instruments this circuitry is laid out on the trigger 
board. 

It would be well at this point to make sure the in- 
struction manual you are using matches the instru- 
ment you are servicing. Tektronix has always followed 
the policy of modifying the circuitry to improve per- 
formance and reliability as the occasion arises. Modifi- 
cation information is added in the back of the manual 
to keep it current with the instruments being shipped. 

The Power Supplies 

When a problem area is not readily apparent from front 
panel indications, a good place to start troubleshooting 
is the power supply. Temporarily-high line voltage 
sometimes causes the line fuse to blow. In instruments 
below SN B080000, circuits powered from the +120 V 
supply are protected from high line voltage by Q54 
(Q1514 in some instruments) . Should the line voltage 
exceed a given level, Q54 conducts placing a short 
across the transformer secondary and blowing the line 
fuse. When replacing the fuse you should use the speci- 
fied value to prevent damage to the circuits protected 
by Q54. If the line voltage in your facility tends to 
fluctuate in the upward direction you may set the line 
Range Selector Switch Bar to the high position. The 
front-panel low-line light will come on should the 
line voltage fall below the lower limit of the regulating 
range selected. 

Another problem you may encounter in the low- 
voltage supply is CR1512 shorting and taking out 
C1542. The cure for this is to remove CR1512. Do not 
discard this diode as it can be used in a modification to 
improve the high-voltage supply reliability. 

The high-voltage supply is often difficult for many 
of us to troubleshoot. Here are some hints on servicing 
these circuits in the 465. The first step is to isolate the 
problem area. There are three major areas of concern: 
the high-voltage oscillator and DC-error amplifier, the 
over-voltage protection circuit, and the secondary load 
including the CRT and the high-voltage multiplier. 
By disconnecting the appropriate circuit the high volt- 
age should come up. Try the following sequence: 

1. Remove the CRT socket — this eliminates the 
CRT. 

2. Disconnect CR1412— this eliminates the over-volt- 
age protection circuit. 

3. Remove Q1416 and place an 820 n to 1 ko resistor 
between the collector and emitter pins. This 
allows ~ 8 ma of turn-on bias current to start the 
oscillator. If this does nothing, replace C1416 and 
C1419. (C1419 should be replaced anytime the 
high-voltage oscillator Q1418 is shorted.) 



If at this point the high-voltage reading at TP 1423 is 
~-400 volts, the high-voltage multiplier is most likely 
defective. In newer instruments this can be quickly 
checked by lifting the dummy resistor that connects the 
multiplier ground. Arcing from this point to adjacent 
circuitry sometimes occurs when this ground strap is 
lifted. For earlier instruments you will have to remove 
the vertical preamp board and the multiplier cover to 
get to the high-voltage transformer and multiplier con- 
nection. Lift the transformer lead and CR1421 from 
the mounting post on the multiplier, connect them 
together and dress them away from the mounting post 
to prevent arcing across. If the negative high-voltage 
supply comes up now, the multiplier is defective. A de- 
fective multiplier will also sometimes cause high-volt- 
age fuse F1419 to blow. 

Another condition that can effect the high voltage is 
leakage in diodes CR1482, CR1483, CR1487 or CR1488. 
These are in the CRT grid bias supply and can turn 
the beam on hard or turn it off so you have no intensity. 
Another point to check is pin 12 on the CRT; this 
should be +150 V. Leakage in C1427 may pull this 
point down in some instruments between SN B080000 
and B 130000. 

Check to see whether R1427, which parallels Cl 427, 
has a zener diode in parallel with it. If not, your instru- 
ment doesn’t have the high-voltage reliability modifica- 
tion and it should be installed. It consists of adding or 
changing just four components: 

1. CR1476 located near Q1474 should be replaced 
by CR1512 which you removed from the low- 
voltage supply. 

2. A 0.1 fiF, 200 V capacitor should be added from the 
cathode of CR1476 to ground. 

3. A 180 V zener, Tektronix part number 152-0289- 
00, should be paralleled with R1427 with the 
cathode to ground. 

4. Lift the cathode end of CR1427 and add a 1.8 kn, 
1/4 W, 5% resistor between the cathode and the 
point to which it was soldered on the circuit board. 
This completes the modification. 

The Sweep Circuit 

The sweep circuit contains several feedback circuits 
and is difficult to troubleshoot unless you break the 
feedback loop. A convenient means of doing this is to 
pull the Disconnect Amplifier, Q1024. This causes 
one sweep to be generated and often provides a rapid 
clue as to what portion of the circuitry is in trouble. 

The horizontal amplifier circuitry is push-pull and 
can be checked by the usual method of shorting the 
two sides by means of a jumper. Another useful tech- 
nique is to swap transistors in each stage and see if 
the problem changes sides accordingly. 
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Fig. 2. A portion of the interface board showing location of 
the high voltage multiplier ground strap and other components. 



The Vertical Amplifier 

If you have occasion to service several 465’s you may 
note that some units have an integrated circuit output 
amplifier while others use discrete components. The 
front panel BEAM FINDER control provides a rapid 
means of detecting trouble in this circuitry. Pressing 
tlie BEAM FINDER button should bring the trace on- 
screen vertically. If it doesn’t, look for the problem in 
the output amplifier circuitry. 

Moving to the preani|), one of the more elusive prolj- 
lems you may encounter is an intermittent contact 
l)etvveen transistors and their sockets. What usually 
happens, is the transistor is pulled from the socket, 
tested and found to be O.K. When the transistor is 
put back into the socket, the problem disappears. 
The basic cause seems to be a tendency for the contacts 
to “wick up” rosin and solder during the automatic 
How soklering process. A change has been made in man- 
ufacturing procedures to overcome this tendency. If 
you su.spect that you have this problem, you can clean 
the socket with isopropyl alcohol, using a wire to 
loosen the rosin inside. A camel hair brush works best 
in applying the isopropyl and a syringe is handy for 
blowing out dirt particles. 

Another tpiestion often asked is how to get the tran- 
sistor pairs used in the preamp, properly mounted in 
their heat sinks. The easiest way is to first insert the 
transistors in their sockets and then slip the heat sink 
loosely over them. Next, extract the transistors and 
heat sink together by gripjring the heat sink firmly with 
a pair of pliers, and pulling. Continue to hold firmly 
with the pliers while tightening the screw in the heat 
sink. Then reinsert the transistors in their sockets. 

While we're in the preamp area, another condition 
sometimes occurs that ap|jears to be drift in the vertical 
attenuator compensation. In most cases this results from 
the technicjue used in making the adjustment. The 




Fig. 3. A portion of the interface board showing the high- 
voltage reliability modification installed. 



compensation capacitors have a spring that provides 
tension. When making the adjustment it will help to 
“rock it in” to remove the torque portion of the spring 
tension. Just overshoot the desired setting a little and 
then back oft to the proper point. 

Mechanical Considerations 

One of the unique components u.sed in the 465 is the 
cam switch developetl by Tektronix. These are rel- 
atively trouble-free but occasionally require cleaning 
of the contacts. Isopropyl can be used for this purpose. 
Here again you will find a camel hair brush handy. 
Do not use cotton swabs as they are prone to snag on 
contacts, damaging them. 

Special care is needed when working on the vertical 
attenuator cam switches. The polyphenylene oxide 
boards are brittle and easily damaged by using too 
much force when tightening the .screws holding the cam 
switch. Two fingers on the screwdriver will provide 
enough tonjue. These boards also are easily damaged 
by heat so when soldering on them, use a small iron 
and get on and oft quickly. 

Cleaning the Instrument 

The same procedures and materials used to clean other 
Tektronix instruments can be used for the 465. For 
washing the entire instrument a solution of one jiarl 
Kelite to twenty parts water can be irsed. For spot clean- 
ing, especially in the area of the vertical attenuator 
boards, you should u.se isopropyl alcohol. Carbon-based 
solvents will datnage the polyphenylene oxide boards 
used for the attenuators. This is also important to keep 
in mind when using spray coolants in this area. 
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INSTRUMENTS FOR SALE 

360 Indicator, 126 Power Supply with cab- 
inet, |145. Robert Kaplan, Ebasco Services 
Inc., 2 Rector St., New York, NY 10006. 
(212) 344-4400. 

317, (2) 321A’s. Lindsay Acuff, Cleveland 
Electric Co., 557 Marietta St. 1 N.W., Atlanta, 
GA. 30313. (404) 524-8422. 

434 w/cart and accessories, unused. Roy Mad- 
ison, 1606 18th Ave., PO Box 1088, Tusca- 
loosa, AL 35401. (205) 345-2990. 

453A MOD127C in mint condition. $1750. 
Charles Boster, Box 2376, Apt. H-203, 635 
Baker St., Costa Mesa, CA 92626. (714) 
.557-0792. 

453, three years old, $1250. Fred Lindsey, 
Vallejo, CA. After 5:00 PM. (707) 644-7037. 
503, good condition. $200. Ray Lefehrve, 
Electrical Eng., Louisiana State Univ., Baton 
Rouge, LA 70803. (504) 388-5241. 

514D (7) , 514AD, 511AD, 531 fair condition. 
Best offer. W. A. McConnell, Dutchess Com- 
munity College, Poughkeepsie, NY 12601. 
(914) 471-4500, Ext. 268. 

517, less power supply. Will trade for 530/ 
540 Series vertical plug-in. Dr. Shuster, Box 
U125, University of Conn., Storrs, Conn. 
06268. 

517A w/power supply, no cables. As is $135. 
Type B plug-in, 122 preamp, 280 trigger. E.C. 
Fether, 8713 Marble Dr., El Paso, TX 
79904. (915) 755-0226. 

527 Waveform Monitor, MOD132. Tbomas 
O’Brien, 2194 Coker Ave., Charleston, SC 
29412. (803) 556-8824 (home), (803) 792- 
3030 (business) . 

531A, .$400; 533, .$450; B, ,$50; CA, $165. 
Exc. condition. Kurt Dinsmore, Box 67, 
Richardson, TX 75080. (214) 271-2431 or 
(214) 238-0591, evenings. 

543B, 1A2 plug-in, good cond. $800 or best 
offer. Pat Young, (415) 654-6855. 

545A w/cart, 2 ea. Best offer. Neria Yomtou- 
bian. Master Specialties, 1640 Monrovia. 
Costa Mesa, CA 92627. (714) 642-2427. Ext. 
218. 

545A, RM 35A, lAl, CA and two ea. 541’s. 
Howard Baugh, Wyle Computer Products, 
Inc., 128 Maryland St., El Segundo, CA. (213) 
678-4251. 

547, lAl, 1A5, like new, best offer. Paul 
Fincik, Automation Sys., Inc., 7031 Mar- 
celle St., Paramount, CA 90723. (213) 634- 
5810. 



INSTRUMENTS FOR SALE 

549, lAl. Maurice Bruneau, Nashua Corp., 
44 Franklin St., Nashua. NH 03060. (603) 
883-7711, Ext. 506. 

549, $1000. Mike Surratt, OECO Corp., 712 
S.E. Hawthorne, Portland, OR 97214. (503) 
232-0161, Ext. 349. 

561A/3A75/2B67, like new. Jack Gerylo, 
5707 Santa Fe St., San Diego, CA 92109. 
(714) 453-4013. 

661/5T4/4S1, clean, like new. Want Collins 
30S1 linear or equiv. dollar value. Ed Val- 
entine, Top-O-Hill Rd., Wappingers Falls, 
NY 12590. (914) 297-3461. 

661/4S1/5T1, excellent cond. Sell or trade 
for real time scope around 10 MHz. George 
Capasso, 25 Quarry Dr., Wappingers Falls, 
NY 12590. (914) 297-7538. 

3S7, 3T7 TDR plug-ins, never used. $950. 
Art Eberle, Columbia Gas Systems, 1600 
Dublin Rd., Columbus, OH 43212. (614) 
486-3681, Ext. 461. 

2B67 and 3A74 to trade for 3B3 or 3B4 and 
3A6. H. L. Beazell, 104 Key West Dr., Char- 
lottesville, VA 22901. 

202-2 Cart, $100; E Plug-in, $60. Neil Per- 
ing, 2803 Kipling, Palo Alto, CA (415) 321- 
2714 or Walt Sonnenstuhl, 41 Moraga Way, 
Orinda, CA 94563. 

C-31 Camera, excellent condition. Reason- 
able. Mr. Sinclair, 160 E. 84th St., N.Y., NY 
10028. (516) 234-0200 (days) ; (212) 861- 
9862 (evenings) . 



549 w/lAl. Bob Schmidhammer, Metric 
Data System, Rochester, NY. (716) 325-6550. 

515, good condition, $300. Hal Greenlee, 430 
Island Beach Blvd., Merritt Island, FL 
32952. (305) 853-9991 (business) , 636-0805, 
(home) . 

R5103N/D12, three 5A24N’s. Almost new. 
Best offer. Maurice Asa, Box 2947, Rock- 
ridge Station, Oakland, CA 94618. (415) 
654-2665. 

2601, 26A1, 26A2, 26G3. John Foster, N/J 
Electronics, P.O. Box 577, Laramie, WY 
82071. 

211 (15). Richard Strickler, Storage Tech- 
nology Corp., 2270 S. 88th St., Louisville, CO 
80027. (303) 666-6581. 

TELEQUIPMENT DM64, new. $1,000 or 
best offer. Alpha Labs, Inc., 2115 No. Piedras, 
El Paso, TX 79930. (915) 566-2927. 



INSTRUMENTS FOR SALE 

C-27R Camera, Polaroid roll film back and 
bezel. Good condition. $375. (203) 848- 
8614 after 7;00 P.M. 

546 (2) , like new, $1250 ea.; 543 w/CA, 
$750. Consider good cash offer. Ivan Sund- 
strom, 695 E. 43rd, Eugene, OR 97405. (503) 
686-2380 evenings, weekends. 

531A/CA/D. Wayne Siebern, St. Joseph 
Power & Light, 520 Francis, St. Joseph, MO. 
(816) 238-0025. 

516, excellent condition. $500. Dave Fried- 
man. (213) 837-3089. 

564B W/2B67, 3A6, scope cart and C-27 
Camera, new. Also 585A with 53/54G and 
scope cart. 661 w/4Sl and 5T1 and scope 
cart. Excellent condition. Chemistry Dept., 
Univ. of Bridgeport. (203) 384-0711, Ext. 
382. 

(3) 5103’s. $450 ea. or best offer. Also (3) 
5B10N’s, (3) 5A18N’s and (1) 5A21N. Jon 
Orloff, Elektros Inc., 10500 S.W. Cascade Dr., 
Tigard, OR 97223. (503) 620-2830. 

INSTRUMENTS WANTED 

160 Power Supply in working condition. 
Prof. Winthrop Smith, U46 University of 
Connecticut, Storrs, CT. (203) 486-4918. 
321A. Marvin Loftness, 115 W. 20th, Olym- 
pia, W A 98.501. (206) 357-8336. 

422, 465 or any portable scope. H. O. Van 
Zandt, 18 Chandelle Dr., Hampshire, IL 
60140. (312) 683-3690. 

453 or 454. S. L. Shannon, G.T.W.R.R. 
Radio Shop, 105 Hampton, Battle Creek, 
MI 49016. 

520 or 520A. A1 Dodds, Applied Video Elec- 
tronics, Inc., P.O. Box 25, Brunswick, OH 
44212. (216) 225-4443. 

555 with time bases, C-12 or C-27 Cameras. 
A. C. Smith, Jr., High Voltage Lab., Cornell 
Univ., 909 Mitchell St., Ithaca, NY 14850. 

2-2A60’s. Darwin Carner, General Electric, 
3001 E. Lake Rd., Erie, PA 16501. (814) 
4.55-5466, Ext. 2635. 

2A63. Roy Schreffler, Box 531, Knox, PA 
16232. 

Plug-in vertical amplifiers for TELEQUIP- 
MENT D43 scope. Wm. A. Richards, 46 
Alderwood Lane, Rochester, NY 14615. 

TELEQUIPMENT D67, D85. 453 or 422. 
Also 3B3 plug-in. Hal Greenlee, 430 Island 
Beach Blvd., Merritt Island, FL 32952. (305) 
853-9991 (business), 636-0805 (home). 
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2 A big step forward for direct-view storage. 

The new 7834 Sloragc Ostillostope <onibine.s 400 MU/ 
baiulwidlh anti 2500 an Tts .stored writing speed in a 
four plug-in 7(M)0 .Scries inainfraine to bring you a new 
higb in perforinante and versatility in a general purpose 
oscilloscope. 

(> Counter and oscilloscope combination makes 
difficult measurements. 

.Selective counter measureinenls are easy to make usittg 
an trscilloscope with delaying sweep and dual trace alge- 
braic adil functions. 

1 1 Testing three-terminal regulators with a curve 
tracer. 

.A 577/178 Curve Tracer provides an ideal answer to tbc 
tieed for performitig short run incoming inspection tests, 
circuit design, or device cbaracteri/ation of tbree-termi- 
nal regulators. 

1 1 Tektronix products get dirty, too! 

I’arl II dc.scribes "dry cleaning” lechnitpies for tbo.se 
users who can’t release I heir instruments long enough 
fora Iboroiigb wash job. 

Clover: Dr. Cail Massey of Oregon Craduate Center stud- 
ies a V.\C; laser pulse stored and displayed on the 4(M) 
Mllz 78.34 Storage Oscilloscope. 
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A big Step forward for 
direct-view storage 

S tate of the art direct-view storage takes a big step 
forward with the introduction of the I'EK- 
TRONIX 783-1 Storage Oscilloscope. Up to now the 
maximum stored writing speed has been 1000 cm/jiis in 
the 7633 plug-in oscillo.scope and 1.3.50 rm//zs in the 466 
portable. Both are 100 MHz instruments. 

The new writing speed mark is 2500 an//cs, ;tnd it’s 
coupled with 400 ^^Hz bandwidth in the new 7834. 
This means you can now capture a 3.5 cm high, .single- 
event risetime of 1.1 ns. 

'T'he 783-1 is a general-purpo.se laboratory oscilloscope 
with all of the .synergistic measurement power pro- 
duced by the four plug-in capability of the 7000 Series. 
For example, real time and spectrum analyzer plug-ins 
can be housed to simultaneously present both time and 
frequency domain displays for a given signal. Using the 
7834's variable ]jersistence storage mode, a steatly dis- 
play of the time domain can be viewed while observing 
slow changes in the spectral cofitetit. In jinother con- 
figuration, logic analyzer and real time plug-ins can 
be combined to zero in on a logic fault and then dis- 
play that fault in real time, even though it may occur 
only once. 

Multimode storage 

The 7834 features multimode storage- bistable, varia- 
ble persisience. atid fast mcxics lor each, pioneerefl in 
the 7623 a few short yeat s ago. 

Thcbistablestorage-disjjlay istharac lerized by having 
two intensity Icvels-ihe .stored-image intensity and the 
background level. There are two such modes: B1ST.\- 
BLE am! F.AST BIST.VBLE. The chief advantage of 
both of these mcKles is long view-time. Once an imago is 
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stored, it cin be viewed for an extended periwi. d'lie 
BIS'rAKi.H iikkIc is the simplest of all to use. with no 
adjustments tor stoiage sensitivity other titan the in- 
tensity ( tjiitrt)!. Also, with a high resistanee to blooming, 
this motle is unsurpassed loi storing extremely low- 
irctpiem A events that letjuire a slow moving s])ot on the 
(It. This mode, iherefoie. (an (a]>ture wavetorms with 
extreme diHereiues in spot movement speed. The ehici 
limitation is writing speed. The FA.S'I' BhST.ABLE 



w riting 

mode tilso is resistant to blooming and overcomes the 
low writing s|)eed iimitiition. ft is the .setond fastest 
mode ol the itistrunieni, witlt a writing speed of .8.5(1 
em/i;s in tediued s( an. and is uselttl in capturing .single- 
shot information. 

Vhuittble-persistente stoiage disj>lays are character- 
i/cd t)\ controlhible )>eisisten(e (the rate at which the 
stored display fades). Typit ally. this rale of fading may 
lie adjusted from 1 or 2 setonds to well over a minute. 
There are two sudi modes: V.ARIARI.K PER.SIST- 
ENCE and FA. S I VARIABLE PERShSTENCE. The 
chief adv;int:ige of tfiese modes is higli writing speed. 
When the storage lontrofs are optimized, writing .speed 
is many times gieatet than in the (orresponding bistable 
modes. The storage torurols may also be adjusted to 
provide high-tonirast displays that are especially aci- 
vantageous for photogiaphy. In fioth satiable jX'rsist- 
ern e modes, view time (tlie length of time a stored trace 
is distingtiisliablc from the background) is less than in 
the bistafilc modes, and is shortest of all when adjusted 
for highest writing speed. View lime can be im teased by 
using ilie S.WT-i mode as on other storage oscillostopes. 

The VARIABLE PER.ShSTENCE mode in the 78.81 
can cotivert a ditn display of a fast, low-re|X'tition-rate 
signal, into a bright, flicker-free display lor easy view- 
ing of sigtials that are beyond the di.s|)lay capafiility of 
tion-storage itistrumettt.s. By varying the persistence (or 
rate of fading), the best cotnitromise can fie reached be- 
tween huk of lli(ker and ability to follow changes in 
the wavelotm. 

The FAS F VARIABI.E PERShSTENCE mode pro- 
vides the highest wtiting speed of ail, 2500 cm/gs in re- 
duced scjui. This titode is most useful for captuiing 
high-speed single-shot events such as fast ii.se pulses en- 
countered in lasei fusion research, destructive testing, 
and high speed computer devclojrtnent. that occur only 
once, or at very low rep-rates at best. The 788-f offers an 
unprecedented ability to display these pulses. 



Fig. 1. SCorcci (li.splay of a singic-shot, fa.sl rise lime signal 



manner (rather than single sweep) . this (ontiol vai ics 
the display time between siucessive sweejjs. .-\n ‘‘infinite" 
position ])ro\'ides th(.‘ same eflect as single-sweep (Jix*ra- 
tion. One appliration of the multi-trace delay (ontrol 
making ctilibration adjustments. 'The operator 
:y sets the delay etjual to the time retjuired to 
>e an adjustment. Fhe new result is then auto- 
mati(allv displayed (along with the old), freeing the 
operator from mamially re.setting the osdllostope time 
base for eat h irate. .Another application is to store a 
peii(Kii( waveform that otcurs in a longer scqueiKe of 
events. I’he multi-ttace delay may be adjusted to blank 
out unwanted events and allow triggering only on the 
desired waveform, 

Tbe Remotc-.Storage inputs give the user ctjutrol over 
several essential storage functions. With Remote Era.se, 
R('set, and the new Remote .Save inputs, the operator 
can 



sim 



(onveniently (onduct experiments at a distaiue 
from the os( illoscope, or (oiurol these functions auto- 
matically from otlier e(]ui|>ment. 

A new Remote-Stoiage Gate iiijnit provides the u.ser 
additional capafiility in the fast-storage modes. Use of 
tliis input, along with a seiond time base, peiinits ca]>- 
tut ing several dosely spaced events on the same display, 
an aliility not possifile in fast-storage modes on previous 
instruments. 

Two types of Aul<> Erase arc avaiiaiile in the 78.81. 
One is an adjustalile periodic luiution tfiat erases on a 
regular basis whether or not a sioied display is jirescnt. 
Fhe otfier type provides an adjustable disjrlay time after 
eadi stored event, and will not erase tnde.ss the time base 



New operational features 

'The 7881 lias several feaiines not found on otficr stor- 
age os( illoscopes. Tliese features add convenience and 
flexibility. For example, the ML’l/I I-'TR.ACiE DEL. AY 
control extends the usefulness of tlie transfer-storage 
modes(FAS I BI.SI ABLEand FA.S'F \'ARI.ABLE PER- 
.SI.S'FFiNfiE). When a lime base operates in a repetitive 






Fig. 3. A cutaway of tlie from portion of the 7834 cathode ray iiibe, 
showing the three-inesii .structure useti to achieve transfer storage. 



Fig. 2. Electron gun structure of the 7834 cathode ray tube. ') he 



shown 



erlical defteciion structure, with the shield removed, is 
)clow ihe vertical deflection portion of the gun. 



in either a bistable or a variable per 



can be operated i 
sistence mode.^ 

A number of 
q Hired of tlic cri 
oscilloscope, 
and storage uniformity. 

Tlie gun design changes include 
deflection system similar 



Gated or Free Run readoitt selection is located on the 
front panel. This feature is especially convenient when 
switching between storage (where Ciated is olten used) 
and non-storage o|>eration (where Free Run is typically 
more desirable). Previously, the Gated/Free Run sw'itch 
had been located inside the mainframe, requiring re- 
moval of a siderover to change modes. 

Fast X-Y storage is possible in the 7834 because ol a 
hori/ontal-modo selector switch and the av'ailability of 
two horizontal plug-in compartments. Previously, X-Y 
storage was possible ordy in the slotver, or non-transfer, 
storage nuxles. 



performance improv 
to be suitable for a 400-MH/, storage 
These include both improved gun design 



were re- 



traveling-w'ave 
that used in the TEK- 
TRONIX 7904 Oscilloscope, the defiei tion sensitivity 
is improved to 1.7 V/cm/kV (a 50% improvement over 
the 76.33 crt). To obtain a faster stored writing speed, 
an improved gun system was designed to deliver greater 
charge density to the target. The gun voltage was in- 
creased to improve the secondary-emission yield at the 
target and to reduce the space charge spreading of the 
writing beam. Independent X- and Y- focusing systems 
were designed, together yvith a vertical-only scan ex- 
pansion lens, to obtain the required vertical-defleciion 
sensitivity. The new' focusing system results in improved 
trace width for the same beam current. More sensitive 
horizontal plates were designed to help in obtaining 



Much of the 783 i’s advanced performance is achieved 
through extending the capabilities of the cathode-ray 
tul)e (crt) to provide multi-motle storage. Hoth bistable 
anti variable persistence designs are incorporated into 
the crt. In addition, a new focusing structure and im- 
proved electron-gun tlesign are used to reach the higfi 
stored writing-rate. Furthei, a more sensitive ddleclion 
svstem was needed to reach the 400-M Hz design goal for 
the vertical .system jrassband. 

In designing the crt, w'C built iqmn the experience 
trained with the 7633 transfer-storatce tube. Fransler 
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between recliu eti sem ami lull s< an vai ial)le persistence 
writirifi; speeds Iron) 8: 1 to (>: 1 . Some perrormame gains 
over the previous fast-storage a t usetl in the /(i'JS are 
shown in Kigure 1. This shows the typical writing speed 
expressed as traiewiiltiis /second as a lurution of In- 
lensiiy foi the two fastest storage niotles (variable per- 
sistence last and bistable last, in reduced scan) . The re- 
iluted-scan mode of operation typitally results in an 
eight limes improvement in writing s|>eed ovei the full 
Sian Operation, due to the imreased gun voltage :intl 
the reduced effei t of target unilormity on wi iting 
speed. In the fastest motle. the wi iting speed ap|)roadies 
10” iracewidihs . secomi. This coniptn es with the photo 
graphic wilting speed of the 7901. I'liese stored traces 
arc viewable for lens of sec emds and are easily photo- 
graphed. 

Writing speed 

I nless .someone is verv familiar with storage terminolo- 
gy. a writing sjK-ed spec ific ation mas not be very mean- 
ingful excejii in a rc-Litivc sense, where one storage 
oscilloscope is better than another. Therefore, a review 
ol some basic storage concepts will better relate what 
the high pet forniance of the 78.'5 1 does lor your measure- 
ment needs. Writing speed is defined as the highest rate 
of spot mcivemeni on the cri face that will leave behind 
a siorecl image. Spot movement that is fasten' than writ- 
ing speed will not leave an image, resulting in step re- 
sponse dis])la\s with no vertic al edge, or sine wave 
dis|)lays with the center missing. 

To be more precise, writing sjteed can be related to 
common waveforms try the equations: 

( 1 ) W.S = ,r f.\ 

(2) V\'.S = 

Equation (I) is for a sine wave of frecjuency, f, in mega- 
hert/, and pcak-to-peak amplitude, A. in centimeters, 
yielding writing speed in c ni//!cs. rhus, a writing s[)eed 
of 2300 cm/«s will store a 2,30 Mil/ sinewave with .3.2 
cm peak-to-jieak am()litude. 

Ecjuation (2) desc ribes writing speed in terms of the 
vertical edge of a [>ulse or step response. The value of k 
ranges from 0.8 lor a linear ramp, to 2.2 for a single-pcrle 
rc: res[K)nse. .\ value of 1.0 applies to a Caussian or typi- 
c al ste|j response. I', is the 10-90'.’,', rise time in gs and 
is the amplitude in cm. to yield writing speed in tin/|i*s. 
Thus, a writing sijeecl of 2,300 im//is will store a 2.5 cm 
(fau.ssian step response with 1-iis rise time. 

The 7831 achieves its maximum specified writing 
speeil of 2500 ciii/jus in a reduced scan motle, with 0.‘15 
c m divisions. W^riiing sjieed in divisions is calculatetl by 
dividing by 0.15: thus, a .3.2-cm sine wave will be 7.1 
divisions peak-tcj-peak. In these relationships, hori/ern- 
tal movement is not taken intca account. However, for 
Ix-am movement ol merre than three vertical divisions 



Fig. 4. Relative performance erf the 7831 and 7l»33 .Storage O.scillo- 
sropes are sliowir iti this graph of .stored writing .speed as a fnnt- 
lion of Imensity level setting. 



for every horizontal tlivision, the cllec t of hcrrizonlal 
movement is less than five iterceiu, and can usually he 
neglec ted. 



General design features ' 

Construction of the 7831 is much like the modular 
770'1.\. The instrument is divided into two main mod- 
ules that may be easily .sepaiatcd for ea.so of .service. Like 
other 7000 Series four-plug-in mainframes, the 7831 has 
a high-effic iency power supply- This supjrly runs coolei 
and is nuicli lighter than a conventional regulated sup- 
ply. It is also more immune to electromagnetic inter- 
ference through the power line. The 7831 circuitry is 
highly protected from overloads such as a spurious short 
between various a t elec trcxles. 
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Counter and oscilloscope 
combination makes 
difficult measurements 



M (Klern electronic counters are versatile, accurate instruments used in a 
wide variety ol apjtlications. However, many measurements are difli- 
cidt or even im|tossihle to make with conventional counters. Here arc a lew 
examples: 



PERIOD OF INTEREST K 



JirULTL 



♦j WIDTH OF INTEREST 




U TIME INTERVAL OF INTEREST ^ 

JUULTL 



FREQUENCY OF INTEREST 



FREQUENCY IN A "CHIRP”- 



sAnniuw 




f) 



VERTICAL SIGNAL OUTPUT 




Fig. I. .\ amnter and o.sdlli).scopc .scl np lo measure die wiildi of 
die elevated pidse displayeil on the oscilloscope crl. 



Mainframes 


Bandwidth 


Amplitude 


7900 Series 


140 MHz with 7A24 
or 7A26 

75 MHz with 7A18 


500 mV/div into 1 Mil 
25 mV/div into 50 n 


7700 Series 


70 MHz with 7A24 
or 7A26 

55 MHz with 7A18 


500 mV/div into 1 Mtt 
25 mV/div into 50 St 


7600 Series 


75 MHz with 7A18 


500 mV/div into 1 MSI 
25 mV/div into 50 St 


7503/7504 


55 MHz with 7A12 


500 mV/div into 1 MSI 
25 mV/div into 50 St 


7313/R7313 


20 MHz with 7A18 


500 mV/div into 1 MSI 
25 mV/div into 50 SI 


549 


> 5 MHz with 1A1 


1.5 V/div into 1 MSI 


544/546/547/ 

RM544/RM546/ 

RM547 


15 MHz with 1A1 


300 mV/div into 1 MSI 


535A/R535 


5MHzwith1A1 


1.5 V/div into 1 MSI 


545A/B/ 

RM545A/B 


==20 MHz with 1A1 


1.2 V/div into 1 MSI 



Fig. 2. TEKTRONIX o.sci I Itwcopes having delayed gate and verti- 
cal signal outputs suitable for this application. 



Jn eilcli examjile, the coimtei’s trigger circuits can- 
not di.st riinitiatc hetween the part ol the waveiorni ol 
interest anti the jiart not ol interest. 

A lew coitnters oiler in|rut gating that allows the in- 
put signal channel ol the counter to he gated on anti oil 
with an external gate or contiol signal. This makes most 
ol these tlilficult measurements possible; however, the 
apjjropriate gating signal is rarely conveniently avail- 
able. A lew counters oiler Variable Hold-OIT or Delay, 
which introduces a variable tlelay in the d ime Interval 
motle, between when (Channel .\ triggers anti Channel 
li is permittetl to trigger. I'liis leature also makes some 
of these tlilhcidt measurements |K)ssible, but it can only 
be u-setl in the Time Interval motle, and the apinoxi- 
mate amount of tlelay retpuretl must be known. 

.Almost all of these tlilficult measurements can, of 
course, lie matle tlirectly with an oscilloscope, but not 
with the same tiegree of accuracy a counter offers. 

Counter and oscilloscope 

.\ counter anti an ost illoscope can be combined into 
a powerful measurement tool that can conveniently 
make these otherwise tliffitadt or even impossible meas- 
urements. With the technitpie to be describetl, the 
counter can be matle to measure any selected portion 
of the waveform disjjlayetl on the oscilloscope. Thus, 
the Ilexibility anti visual verification offeretl by an 
oscillt)sco|je is combinetl with the accuracy of a counter. 

The technitpie involves summing or algebraically 
atitling the portion of the waveform of interest with a 
pul.se, so that the ])ulse creates a voltage petlestal upon 
which the jiortion of interest titles. With a portion of 
the waveform elevated, the counter’s trigger threslioltl 



(triggering level) t:an be set .so that the counter triggers 
only on the tlesiretl portion. 

If a Dual-Trace, Delayed .Sweep Oscillo.scope with a 
Vertital Signal Output anti a Delayetl (iate Output is 
usetl in conjunction with the counter, nti other etpii|i- 
ment is retpiiretl. I he Delayetl Gate serves as the neces- 
sary pulse, the Dual-'I'iace .Amplifier performs the sum- 
ming lunction, anti the V'ertical Signal Output (a wave- 
form itientical to that tlisplayetl on the ert of the oscil- 
loscope) is connectetl to the input of the counter. Figure 
I shows a 7()0.'f Mainframe, 7AIS Dual-Trace .Amjilifier, 
7B5S.A Delayetl Sweep Time Base, anil DC 505.A Uni- 
versal Counter/ rimer in the tiescribetl configuration. 
Figure '1 is a chart of TEKTRONIX 0.scillo.sco]>e.s with 
the necessary combination of features, anti the bantl- 
witlth anil am|>litittle of the V'ertical Signal Outputs. 

Making the measurement 

The waveform, a portion of which is to be measuretl, is 
connectetl to Channel 1 vertical input of the oscillo- 
.scope anti the controls are .set for a stable display ap- 
proximately two tlivisions in amplitude. 'Fhe wide 
range of iii|nit am|)Iituiles a laboratory oscilloscope can 
accept oilers the atltletl advantage of signal condition- 
ing, amplifying or attenuating a waveform prior to 
being connectetl to the counter input. 

With the waveform portion of interest tlisplayetl on- 
screen, tlie oscilloscope’s Horizontal Motle switch is 
placed in ihe Intensilietl motle anti the brightened por- 
tion of the trace is atljustetl to intensify the portion of 
interest. The Delayetl Gate Output, a pulse whose 
vvitlth and position relative to the oscilloscope trigger 
point is itientical to the intensilietl portion of the trace. 
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is ilien connccie<l lo Cniannel 2 vertical input. Tlie V'er- 
tical Mode switch is set to Channel 2 and the controls 
adjustcil for a display two tlivisions in amplitiule. 
Switching to the .Algebraic Add mode, the two wave- 
forms (the tlelayetl gate and the injjut wavefotm) will 
now he summed and the cond)ination will be approxi- 
mately four divisions in amirlituile as in Figure 1. If 
the ilelayed gate is positioned [rroperly, the portion ol 
the input wavefoini of interest will be elevated a]j]jroxi- 
mately two divisions. 

I hc o.scilloscope’s V'ertical Signal Out|)ui is now 
conne< ted to the tounter in|nit ami the counter’s Trig- 
ger l.evel (ontrol is set so the counter triggers only on 
theelevaietl portion. 

Setting the counter trigger level 

Jf the counter has a DC; Triggei Level Output, the trig- 
ger level (an be set by monitoring this outptii wdth a 
DMM, .setting it to the desired voltage level as read 
from the oscillosco|>e’s crt. If the counter does not have 
a DC: Trigger Level Output, the following technique 
will aid in setting the counter trigger level. 

The amirlitude of the voltage pedestal is lowered ap- 
proximately .50% by adjusting the oscilloscojte’s Chan- 
nel 2 V'ai iable V'olts I’er Division control for a display 
about three divisions in amplitude. Adjusting the 
counter's I'rigger Level control in the jrositive direction 
until the tounter (puts triggering, then in the negative 
direction until the counter just starts counting, or 
counts erratically, will set the (ounter to trigger on the 
p(rsitive-most portion of the input waveform. Now, re- 
turning the Channel 2 Volts |>er Divisitjn ctmtrol to its 
original position (a l(mr division display) will result in 
the counter triggering at the 50% point on the elevated 
]K)rtion of the waveform. This same technique can be 
used to set the counter’s trigger level at other than the 
50''„ point if desired. 

Counter modes 

Now let’s ( onsider making selected pulse or cycle meas- 
urements in the various counter modes available. Uni- 
versal counters, as opptwed to single function or fre- 
tpiencv only (ounters, oiler a variety ol modes such as 
Period, Width, and Time Interval, as well as Frequen- 
cy. Each mode reqiures that the width ol the oscillo- 
.s(ope’s delayed gate— the elevating pulse— be set a little 
dilferently. 

Period 

If a period measurement is to be made, the jredestal 
must be wide enough and so ptjsitioned in time that tlie 
entire peritnl of interest is elevated as shown in Figure 
3. In the Period mode, the counter wall trigger at a 
point on the first positive or negative going slope, 
whichever is selected, and at the same ]roint on the fol- 
low ing slope of the same polarity. 



Employing this technique, the Period mode can be 
used to measure frequency ( F when the frequen- 

cy varies, or when it is a burst or chirp. In the Frequency 
mode a counter measures the average input frequency 
during the gate time. However, with this technique, 
fretjuency can be measured lor as short a period as one 
cycle. The linearity of a swept frequency can even be 
measured cycle by cycle. 

Width 

If a width measurement is to be made, the set-up is the 
same as for a period measurement, except that the ele- 
vating pedestal must only be wide enough to elevate 
the width of interest as shown in Figure 4. The counter 
in the Width nuxle will measure the time between a 
point on the first slope of the selected polarity and the 
same point on the following slope of the opposite 
polarity. 

Time interval 

.A counter that offers a Time Interval mode has two 
input channels and measures the time between w'hen 
the first (hannel, Channel A, triggers and the second 
(hannel, Channel B, triggers. The slojres and trigger 
levels f(jr each ( hannel can be selected inde|)endently. 
In the Time Interval mode, Cihannel B is held olf (not 
jrermitted to trigger) until .A triggers; however, Chan- 
nel B cannot normally be held oil or prevented Irom 
triggering the next time the input waveform reaches 
its trigger level. With this tethnitjue, B can be held off 
as long as required to |)ermit the counter to measure 
the time between any desired points on the input w;ive- 
fcjrm. I'nlike the Period and Width modes, the width 
of the pedestal or elevating pulse is adjusted to be 
slightly narrower than the time interval of interest. .As 
shown in Figure 5, the .A trigger level is set to trigger 
just as it was in the Width oi- Period modes, but the B 
trigger level is .set behjw’ the level of the (redestal. 1 here- 
fore, B will not trigger until the elevating pulse has 
returned to the low'er level and the input w'aveform 
passes through the B trigger level. B can be held off or 
irrevented from triggering as long as desiied by increas- 
ing the width of the pedestal. 

Small variations in pedestal width should cause no 
variation in counter reading if the pedestal is properly 
positioned. If the counter dis|rlay varies directly with 
pedestal width, an erroneous reading is being obtained. 

The two input channels can be (onnected to a single 
waveform or to two seiiarate wavelorms, and a portion 
of either waveform can Ite .selected and elevated. A por- 
tion of each of two waveforms can also be elevated and 
therelry selected, hcjw'ever, this would require an addi- 
tional pulse and summing amplifier. 

Frequency 

Making frequency measurements directly is not practi- 
cal using this technique because the couuter’s gate and 
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INPUT 

WAVEFORM 



PERIOD OF 



OH 1 SIGNAL 




SIGNAL SUMMED 
WITH PULSE 



DELAYED GATE 
(ELEVATING PULSE) 



INPUT k WIDTH OF 

WAVEFORM ' ' INTEREST 




Fig. 4. Delayed gate set properly for width measurement. 




Fig. 7. The DO 501 Digital Delay simplifies trigger .selection when 
tieiaying the triggering of the counter for several puLses or cycles. 



INPUT WAVEFORM 



TIME INTEFWAL 
of'interest” 



INPUT 

WAVEFORM 






DELAYED 

GATE 



DELAYED 

GATE 




CHANNEL A 
TRIGGER LEVEL 

SUMMATION 



CHANNEL B • 

TRIGGER LEVEL 



VEL 




„ Fig. 8. F.rroneous readings can occur at some display time settings. 

Fig. 5. For time interval measurements, delayed gate is set slightly If ihe counter readout is erratic or too large a number, increase 

shorter in duration than time interval to be measured. the display lime with the Display Time Control. 
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the elevating pulse would have to be synchronized. 
Frequency measurements can be made, as mentioned 
earlier, in the Period mode, and, because Irequency is 
the reciprocal of time, the conversion is simple. 

Averaging 

In the Period, Witlth, and Time Interval nuKles, it is 
often desirable to average to achieve the desired ac- 
curacy. If the counter offers Width Averaging and Time 
Interval .Averaging, it is sinqily a matter of switching 
to tliat mode. I'he counter will accumulate readings in 
tlecade inidtiples and average them. No change in the 
procedure for a single 'f'ime Interval or Width measure- 
ment is necessary. For period averaging, however, an 
alteration to the technique is necessary. In period aver- 
aging, the number of periods to be averaged must all 
be elevated. To average 10 jjericKls, 10 or more succes- 
sive or continuous periods must be elevated. To average 
100 periods, 100 or more successive or continuous pe- 
riods must l>e elevatetl. A larger number of averages 
can be .selected, but since the purpose of this technique 
is to make a .selective measurement of a small portion 
of a signal, it is unlikely that higher averaging factors 
will be commonly used in the Period mode. 

Using a non-delayed sweep oscilloscope 

If a Non-Delayed Sweep Oscilloscope is used, a separate 
pulse generator with delay, like the TEKTRONIX 
PG 505 or PG 508, must be incorporated to generate the 
necessary pulse. The pulse generator must have delay 
so its output can be positioned in time relative to the 
input waveform. 

If the oscilloscope does not have an Algebraic Add 
mode, a separate amplifier like the AM 501 can be in- 
corporated to serve this function. 

The I'M 500 pnxluct line provides an ideal solution 
to the problem. Figure (i is a diagram .showing the 
SC 502 Non-Delaying Sweep Oscillo-scope, PC; 505 Pulse 
Cienerator, AM 501 Amplifier, and either the DCJ 503 
or DC; 505A Universal Counter/Tinier with the ap- 
propriate interconnections in the TM 500 Mainframe. 
This |)articular system is usable from dc to between 
50 kHz and 100 kHz,, limited by summing amplifier 
baiulwidth and pulse generator rise times. 

Digital delay 

When it is necessary to tlelay the triggering of the count- 
er for a large number of pulses or cycles, it can become 
impractical due to the limited resolution olfered by the 
ert of an o.scilloscope, even with a magnifier. F'or ex- 
ample, it would be almost impossible to position the 
pid.se or pedestal on the one thou.sandth input pulse 
to measure its period, width, or time interval. Even 
with a times ten magnifier, there would be ten input 
jjulses or cycles |>er division on the crt. The DD 501 
Digital Delay solves this problem, ft can delay by up 



to one hundred thousand events and generate a trig- 
ger at the selected number of events. 

When the DD 501 is u.sed with this technique, it is 
connected as shown in Figure 7. The input signal is 
connected to the DD 501 Start and Events inputs and 
the input of the oscillosco|je. The output of the Digital 
Delay is connected to the External Trigger input of the 
oscilloscope, and the appropriate number of events, 
j)idses, or cycles to be delayed is dialed up on the DD 501 
front panel. The counter is driven by the summed 
|redestal and signal from the scope vertical output or by 
a se|)arate summing amplifier. When the selected num- 
ber of events takes place, the DD 501 puts out a trigger 
that triggers the scope and the delayed gate. A faster 
oscilloscope sweep speed can now be used, which offers 
enough resolution to position the elevating pulse. 

If it is necessary to delay by time, the counter’s time 
base output can be connected to the DD 501 input. The 
counter’s time base acts as a clock that the DD 501 
counts. 

Erroneous reading 

Some ranges of input repetition rates can cause an os- 
cilloscope to trigger on diflerent pulses on each sweep, 
however, this can be corrected with Trigger Hold-off if 
the oscillo.sco|)e has this feature, or with the Variable 
Time Per Division if it does not. In either case the basic 
repetition rate of the oscillo.scope’s sweep generator is 
changed so that the oscilloscope triggers at the same 
point or on the same pulse for each sweep. With the 
technique described in this note, it is possible to have 
essentially the same problem with a counter. The 
coutiter has a measurement cycle time or repetition rate 
which is determined by the length of time it takes to 
make the measurement, plus the display time. As shown 
in the period measurement in Figure 8, if the cotmter’s 
metisurement cycle time results in the display time end- 
ing iti the middle of the period to be measured, an er- 
roneous periotl meastirement results. And the same 
thing can occur in the Width or 'Fime Interval modes. 
I'he indication is an erratic reading or a reading that 
is too large. 'Fhe fourth waveform from the top in Fig- 
tire 8 shows an erroneotis, too long, period. To correct 
the problem, the cotmter’s display time is increased 
with the Display Time Ciontrol as shown in Figure 8. 
I'he counter now has a slower repetitioti rate or longer 
measurement cycle time and does not reset in the mid- 
dle of the period, width, or time interval to be measured. 

m 
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I ^ he increasing 
cost oi on-board q 
U nee-tenninal reg- 
ulators lias created 
a need tor a last and 
easy means of test- 
ing these devices. 

Many of you al- 
ready possess that 
capability and may 
not realize it. 

riie Tektronix V 
577-Dl Storage Curve 
'I’racer and 178 Linear 
IC Test Fixture provide 
the l>asic capability. All you ^ 

need to add is the d hree-Ter- 
minal Regulator Test Unit — a 
plug-in acce.ssory for the 178— plus 
a socket adajiter for your jiarticular 
device, and you’re in business. It’s an 
ideal solution for short run inspection, cir- ^ 
cuit design, or device < haiacterization. 

The Regulator Test Unit comes in two sirni 
lar models — one wired for negative regulator 



The 577/178 
Curve I nicer 
willi a I hrcc- 
I'ermiiial 
Regulator I es! 
tinil iiisialieti. 



regulates the supply voltages and provides the function 
selector switch, which sets up the internal circuits for 
the appropriate tests. The 178 also has provision to 
sweep the input supply voltages at a selected rate and 
amplitude for line regulation and other tests. 

Four basic tests on three-terminal regulators can be 
performed on the 577/178: loatl regulation, line regu- 
lation, quiescent or common current, and tlropout volt- 
age. A fifth test, ripple rejection, can also be performed, 
depending on how it is specified. The devices can be 
tested over an input range of 0 to 60 volts, with load 
currents uj) to 2 ani|>eres (pulsed). 

Load regulation 

I.oatl regidation is the change in regulator output volt- 
age over the specified range of load current, with pro- 
vision made to keep c hip temperature constant. 

This test is done on the curve tracer using the step 
generator as a current sink or variable load. The step 
generator is operated in the pulse mode to provide a 
load that is active for only a small jrart of the duty cycle, 
thus keeping chip di.ssipation low and jiossible tempera- 
ture rise small. 

The tlisplay in Figure I shows the change in output 
voltage (vertical axis) as the load current is stepped 
over the s|)ecified range (horizontal axis). In Figure 2 
the vertical sensitivity has been increased to improve 
the resolution of the measurement. The Output Volt- 
age Comparison Dial is .set so the trace crosses the bot- 
tom graticule line jnecisely at the rated load current 
point. The change in output voltage is then easily de- 
termined by multiplying the VERT UNITS/DIV .set- 
ting by the indicated change in output voltage on the 
vertical axis. 

Line regulation 

.Another important specification we need to check is 
line regulation— the change in regulator output voltage 
over a specified range of input voltage— with provisions 
made to kee|> the chi|j temperature constant. 

I he cui ve tracer piovides the necessaiy test condi- 
tions by adding a swe|)t voltage to the input voltage 
supply, while providing a constant, short duty-cycle 
load for the output. 

In the display in Figure ,S, the vertical axis represents 
regulator output voltage deviation liom the compari- 
son voltage, and the hori/ontal axis represents regulator 
iu])ut voltage. 

Line regulation characteristics at diHerent values of 
load t urrent can be checketl by .setting the step genera- 
tor to step through the desired range of load currents as 
in Figure .H. 

Quiescent or common current 

A third characteristic often of interest to the circuit 
tlesigner is the current used by the regulator for its in- 



ternal functioning. It is called quiescent or common 
current. The regulator test unit uses a coiTimon-tenni- 
nal sujjply to produce an artificial ground through 
which the device-under-test quiescent current is meas- 
ured. 

The curve tracer can tlisplay quiescent current under 
•three tlilferent contlitions; steady state, with constant 
load and line (input) voltage change, and with constant 
input voltage and changes in the load. Changes in input 
voltage are [novided by the sweep generator on the 178 
Linear IC Test Fixture. Load changes are protluced by 
using the 577 step generator in the current-sinking 
mode. 

The tli.splay in Figure 4 plots quiescent current on 
the vertical axis, versus load current on the horizontal. 

Dropout voltage test 

The fourth characteristic of interest that can be checked 
with the 577 Curve Tracer is dropout voltage. The 
dropout voltage test is similar to the line regulation 
test except, in this instance, we are concerned with the 
minimum input voltage at which the regulator no long- 
er regulates. Figure 5 is an illustration of the dropout 
voltage test. The input-output voltage differential at 
which the circuit ceases to regulate is dependent upon 
load current and junction temperature, and is typically 
two volts. 

Ripple rejection test 

Ripple rejection tests can also be performed on the 
curve tracer as displayed in Figure 6. The supply volt- 
age is swept at a frequency just below 120 Hz to produce 
the display. Each trace represents a different load cur- 
rent as |jresented by the step generator. Storage is a 
necessity in achieving this display since it takes about 
a second to produce. 

Conclusion 

The 577-DI Storage Curve Tracer with a 178 Linear 
1C Test Fixture and Three-Terminal Regulator Test 
Unit provides a low-cost, versatile means of performing 
incoming ins|>ection tests, circuit design, or device char- 
acterization of three-terminal regulators. Most of the 
specified tests can be performed. The 577 also serves as 
a valuable analytical tool to evaluate those devices re- 
jected by highly automated incoming inspection sys- 
tems, and to analyze performance under operating con- 
ditions other than those specified on the spec .sheet. ^ 
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Fig. I. Load regulation test. Output voltage displayed vertically at Fig. 4. Quiescent current test. Quiescent current displayed ver- 

50 mV /div, offset to +5V; load current displayed horizontally at tically at 2 in.^ /div. zero current at center-screen; load current dis- 

20 m.-V/div. played horizontally at 100 in.\ div. 



Fig. 2. Same measurement as Fig, 1. except vertical sensitivity in- Fig. 5. Dropout voltage lest. Output voltage displayed verticallv at 

creased to improv e resolution, and trace moved to bottom of screen 10 niV /div, top trace is offset to 5V': input voltage displayed hori- 

for easier reading. zonlallv at 2V cliv . 



Fig. 3. Line regulation test. Output voltage displayed vertically at Fig. 6. Ripple rejection test. Output voltage displayed verticallv 

3 mV/div; input voltage displayed horizontally at 5V div, load at ,5 inV/div; input voltage displayed horizontally at 2V div; load 

currents are 100 m.\/step. currents are 100 m.\/stcp. Rejection is about 76 dB. 
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Servicescope 

Tektronix products 
get dirty, tooi 




Part II— Dry cleaning 



I n Part 1 of this aitide we dc.scriltetl the tools and 
techniques usetl to give your rektronix instrument 
a hath, oi peihap.s “shower" would be a more a|ipro|jri- 
ate term. I'here are times when the customer neetls 
quick turn around on an instrument and can’t tolerate 
the 21-hour drying time needed for a wet wash. In this 
inslame, dry cleaning may serve as a reasonable alter- 
native. 

I’he wash booth makes a consenient j)lace to perform 
the dry ( leaning operation. With the side and botttmi 
panels removed, conqnessed air and a small paint brush 
will remove most of the interior dust, unless the instru- 
ment has been in a gieasy environment. 

I'o clean the Iront jtanel you should reinstall the 
side covers and lightly sjtray the front panel only, using 
the 5% Kelite solution and rinsing with water. Be care- 
ful not to gel excess water in the instrument. Just a 
little s])i ay apjelied on an angle works fiest. 




Use a toothbrush and detergent t(j clean the knobs 
and connectors, and rinse with warm water. The side 
covers can be removed and, along with the bottom 
panel, be washed separately after removing the instru- 
ment from the booth. They should be plated in the 
oven to dry. Compressed air is u.sed to remove as much 
water as [)ra< ticable from the front |)anel area, and the 
instrument is then placed in the oven lor 1,'j to 20 
minutes, or until you’re ready to work on it. 

The graticule ;ind graiitule cover may be (leaned 
as described in I’art I. .\ woid of ( aulion regarding the 
use of glass cleaner-stsmc le.ive a static ( barge on the 
gralit ide, which will distort the cri tiace until it bleeds 
off. Soap and water is the b(!st solution. 

Air filters can be cleaned e.isily with detergent atiil 
hot water. .\ cleansing ptjwder, such as .\jax, sprinkled 
on a wet filter and allowed to soak a minute or two, will 
help on extra grea.sy ones. We recommend not using oil 
or filter coat on any filters as there is the possibility of 
oil getting in.side the instrument. 

Cleansing cam switches 

Unle.ss you are having problems with the cam switches 
in the instrument, we do not recommend removing the 
switch covers during the cleaning procedure. You 
should also lake ( are not to sjnay detergent into the 
switches. 

If a cam switch needs (leaning, this can best be ac- 
complished by renujving the switch (over and spraying 
the switch with a 5% solution cjf Kelite si)ray white 
wifli an etpial amount of anntionia (ncjn-sudsing, tion- 
soajjy type). I'he switch should then be thoroughly 
rinsed with soft or distilled water. The swiuh (onlacts 
should then be sprayed with iso))ro|)vl alcohol, let set 
for (iO seconds, and blown out with com|)ressed air. Oc- 
casionally operate the switch in all positions while the 
alcohol is still on the contact area, and while blowing 
out the instrument. Oven dry in the usual manner. 

Cam switches need no lubrication as the switch pads 
are designed to operate dry for the life of the instru- 
ment. 
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Conclusion 

W'lieilicr you wet wasli or dry dean an instrument will 
be determined by how dirty the instrument is, and the 
time available to do the job. Solid state instruments can 
be washed as easily and salely ;is vacuum tube types. 
Precatitions against spraying detergent and water di- 
rectly on power transfoi iners and coveted cam .switches 
should be diligently observed. Cileaning agents such as 



trichlorethylene, Freon, and others containing halo- 
gens, shouki not be ttsed. They can damtige aluminum 
electrolytic cajjticitors and .some printed circuit board 
materitils used in t ritital applications. 

It takes valuable time to properly clean an instru- 
ment. However, the improvement in maintainability 
and the increase in user stitislat lion makes the invest- 
ment a worthwhile one. ^ 




Fig. 1. Dave Phillips, Factory .Service Center, washes a 70(JO-.Series Oscilloscope. 
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Customer maintenance 
training ciasses for 77 

All (lasses will be ((jiuliictecl al Beaverton, Oregon. 
'There is no lee lor c lasses except as noted. 

All maintenance classes teach operation, signal How, 
calibration, trouble-shcmting and repair of the repre- 
sentative instrtnncnt. .\ combination of lecture and lab 
.sessions are the usual Icsrmat for maintenance training. 
Any prestudy literature besides maintenance manuals 
will be mailed directly to you. 

7704A/7904/7633 

The 7000 series cla.s.ses are a combination of the 770-lA/ 
7904/7fi.H3 oscilloscopes. The preret|uisite fcjr the 7901/ 
7fi33 class is training on the 770-1 A. tdass duration is two 
weeks, first week devetted to 770 lA, second week devoted 
to 79(H/7(>3.S. Pltig-ins taught are re])resentative of the 
most frequently purchased units with these main 
frames. 

Class dates: Jtme 13-24, 1977 
Aug. 8-19, 1977 
Oct. 17-28, 1977 
Dec. 5-10, 1977 

465/475 

The 405/475 oscilloscopes maintenance class is taught 
to the component level ol troulrleshooting and repair, 
"r'lie sttulent is encejuraged to study the circuit de.scrip- 
tion portion of the respective manual. Class duration is 
one week. 

Class Dates: (une27-)uly 1, 1977 
Aug. 22-20, *1977 
Oct. 3 1 -Nov. 4, 1977 

5100/5400 

The 5 100/ 5400 oscilloscopes are new products on the 
1977 customer training schedtde. Rejtresentative plug- 
ins are selected for these products. Class duration is one 
week. 

Class dates: July 11-15, 1977 
Nov. 7-11, 1977 

Logic Analyzers 

The 7D01 DF-I logic analyzer is a new jnczduct on the 
1977 customer training schedule. The ]3iospective stu- 
dent is encouraged to sttidy the circuit description in 
the 7D01 / DF manual. Cla.ss duration is one week. 

Class date: Sept. 12-10, 1977 



TM503/DC503/DM502 

TG501/PG501/FG501 

The 'FM500 products .selec ted for instruction repre.sent 
each of the major categories in the Test and Measure- 
ment area, tilass duration is one week. 

Cla,ss dates: June 0-10, 1977 
Aug. 1-5, 1977 
Oct. 10-14, 1977 
WDI— R7912/1350 

'The student must luive operation;d knowledge ol the 
7704. \ series oscilloscope; he ;dso must h;ive satisf:ictori- 
ly completed study of the .\uclio (arcuit de.scrijition 
training program on the R79I2. This package (002- 
2708-00) is :ivail:ible for SI 75.00 through the local Tek- 
tronix field olfice; it shoidd be ordered ;it least 00 days 
prior to chiss partic ipation ;is the subject material is 
cjuite lengthy. (4ass duration is one week. .\ class lee ol 
$700 per student is charged for this training. 

Class dates: |uly 11-15, 1977 
Oct. 3-7, 1977 
DPO— P7001/CP1151 

No customer mainten;ince classes ;ire schedided for 
I977. An ;iudio circuit desci iption tr:iining jjackage is 
avtiilable lor .$185.00 through your local Tektronix 
field office. Part number (002-2707-00) 

4051/4631 

The 405 1 intelligent terminal is a new product on the 
1 977 (ustejmer training schedtde. Lbulerstanding of 
microprocessor is necessary fcjr full appreciation of 
( lass content. Class duiation is two weeks. 

Class D;ites; Jtme 20-|tily I, I977 
Dec . 5-I0, 1 977 
4010/4014/4631 

The 1010/1012/4014/4000 gra|jhic display terminal 
( lass is taught to board level maintenance: greater 
depth is taught when signal How conceitts are nece.ssary. 
(Hass duration is one week. 

(ihrss D;ites: [une(i-10, 1977 
Oct. 3-7, 1977 
Ncjv. 7-11, 1977 
4081 /4905 /4641 

Thi l lOSTI intelligent terminal system is a new prcxluct 
on the 1977 c ustcjiner training schedule, lbulerstanding 
of microcotnputer and microprcjcessor theory is neces- 
.sary for ftill aiiineciation of class content. CHass dura- 
tion is two weeks. 

Class Dates: July 18-29, 1977 

.Sej)t. 20-O( t. 7, 1977 A-3549 
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